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METHOD FOR RECOMBINANT ADENO-ASSOCIATED VIRUS-DIRECTED 
GENE THERAPY 

This work was supported by the National Institutes 

of Health Grant No, DK47757.   The U. S. GovernBent has 

5     certain rights in this invention* 

Bf^gKq^Q""^ of the Invention 

Adeno-associated virus (AAV) is a replication- 

deficient parvovirus, the genome of which is about 4.6 kb 

in length, including 145 nucleotide inverted terminal 

10     repeats (ITRs).    The single-stranded DNA genome of AAV 

contains genes responsible for replication (rep) and 

formation of virions (cap). 

When this nonpathogenic human virus infects a human 

cell, the viral genome integrates into chromosome 19 

15     resulting in latent infection of the cell.   Production of 

infectious virus and replication of the virus does not 

occur unless the cell is coinfected with a lytic helper 

virus such as adenovirus or herpesvirus.    Upon infection 

with a helper virus, the AAV provirus is rescued and 

20     amplified, and both AAV and helper virus are produced. 

AAV possesses unique featxires that make it 

attractive as a vector for delivering foreign DNA to 

cells.   Various groups have studied the potential use of 

AAV in the treatment of disease states. 

25 Studies of recombinant AAV (rAAV) in vitro have been 

disappointing because of low frequencies of transduction; 

incubation of cells with rAAV in the absence of 

contaminating wild-type AAV or helper adenovirus is 

associated with little recombinant gene expression [D. 

30     Russell et al, Pr-nc, Matl. Acad. Sci. USA. 21:8915-8919 

(1994); I. Alexander et al, Jt Vir9l»r Ms8282-8287 

(1994); D. Russell et al, Proc, Natl. Acad. Sci. USA> 

22:5719-5723 (1995); K. Fisher et al, J. Virol,. 20:520- 

532  (1996); and F. Ferrari et al, J. Vj.rffl,, 70:3227-3234 

35     (1996)]-    Furthermore, integration is inefficient and not 
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directed to chronosone 19 when rep is absent [S. Kumar et 

al, Jt Molt Bi9lt, 21^:45-57 (1991)].   AAV transduction 

is substantially enhanced in the presence of adenovirus 

because the single-stranded rAAV genome is converted to a 

5     non-integrated, double-stranded intermediate which is 

transcriptionally active [K. Fisher et al, J> Virol,, 

70:520-532 (1996); and F. Ferrari et al, J, Virol,. 

7fi:3227-3234 (1996)].    Adenovirus augments rAAV 

transduction through the expression of the early gene 

10     product E4 0RF6 [K. Fisher et al, j. Virol,, 2fl:520-532 

(1996); and F. Ferrari et al, J. Virol,, 7fl:3227-3234 
(1996)]. 

The performance of rAAV as a vector for in vivo 

models of gene therapy has been mixed.   The most 

15     promising results have been in the central nervous 

system, where stable transduction has been achieved in 

postmitotic cells (M. Kaplitt et al, Wat. Genet.. fi:i48- 

154 (1994)].    Incubation of bone marrow cells ex vivo 

with rAAV results in some transduction, although stable 

20     and efficient hematopoietic engraftment has not been 

demonstrated in transplant models [J. Miller et al, Proc, 

I^fttlt Agad, Sgit VSfi, 21:10183-10187 (1994); G. PodsaJcoff 

et al, Jt Virgl., fifi:5656-5666 (1994); and C. Walsh et 

J»  Clin.  Invest,, 21:1440-1448 (1994)]. 

25     Administration of rAAV into the airway or the blood leads 

to gene transfer into lung epithelial cells [K. Fisher et 

i7t Yiroltf 22:520-532 (1996); and      Flotte et al, 

PrOC. Natl, Acad. Sci, UfiA. 2fi:10613-10617 (1993)] and 

hepatocytes [K. Fisher et al, J, Virol,. 2fl:520-532 

30     (1996)] respectively; however, transgene expression has 

been found to be low unless adenovirus is present [K. 

Fisher et al, J, Virol.. 2^^:520-532 (1996)]. 

What is needed is a method of improving rAAV- 

mediated gene transfer. 
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qniTiiiiarv of ttl^ Invention 

The present invention provides a nethod of isqproving 

expression of a selected gene delivered to an animal via 

recombinant AAV,   The method involves introducing a 

5     recombinant AAV vector comprising a desired transgene 

into a muscle cell in the absence of a helper virus- The 

vector may be administered into cardiac, smooth, or, 

preferably, skeletal muscle. 

In one preferred embodiment, the rAAV-delivered 

10     transgene encodes a secretable and/or diffusable product 

which is therapeutically useful•   In this embodiment, the 

transgene product may have therapeutic effect on sites at 

a distance from the delivery site.    In another 

embodiment, the transgene encodes a non-secretable 

15     product (e.g., a dystrophin polypeptide) for which 

delivery to the muscle is desired (e.g., for treatment of 

muscular dystrophy). 
In another aspect, the present invention provides a 

method of treating an animal with hemophilia.   The method 

20     involves administering into the muscle of the animal a 

recombinant adeno-associated virus comprising the gene 

encoding factor IX and sequences which regulate 

expression of the gene. 
In yet another aspect, the invention provides a 

25     method of treating an animal with atherosclerosis. The 

method involves administering into the muscle of the 

animal a recombinant adeno-associated virus comprising 

the gene encoding ApoE and regulatory sequences capable 

of expressing said gene. 

30 Other aspects and advantages of the present 

invention are described further in the following detailed 

description of the preferred embodiments thereof. 
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Brief Description of the i>rawinry« 

Fig. 1 is a scheaatic illustration showing the 

linear arrangement of AAV.CMVLacZ (4883 bp). The 

relevant elements include AAV ITRs (solid black boxes), 

5     CMV promoter (hatched arrov), SV40 intron and 

polyadenylation signal (open boxes), and lacz DMA (shaded 

box).   The location of a cDNA probe that can be used to 

detect the internal BamHI fragment, as well as full- 

length vector, is also shown. 

10 Pig. 2A is a schematic illustration of the linear 

arrangement of AAV.CMVLacZ concatomer.   The relevant 

landmarks include AAV iTRs (hatched boxes), CMV 

enhancer/pronoter (solid black arrow), SV40 intron and 

polyadenylation signal (open boxes), and lacZ cDNA 

15     (shaded box).    AAV.CMVLacZ monomer is shown joined 

according to a direct end-to-end ligation mechanism 

(labeled j) at the ITRs.    Therefore, in the cartoon two 

copies of the AAV ITR are present at the junction. 

Fig. 2B is a schematic illustration showing an 

20     amplified view of the junction domain. Relevant 

landmarks are as indicated in Fig. 3A above. Horizontal 

arrows indicate the location and direction of PCR primers 

used to amplify across the provirus junction.   Primer 005 

is a sense-strand primer.   Primers 013 and 017 are 

25     antisense-strand primers. 

Fig. 3 is a schematic illustration showing the 

predicted PCR product assuming a direct end-to-end tandem 

ligation of monomer AAV.CMVLacZ genomes.   Two complete 

ITRs (shaded box) with their respective "FLOP* and "FLIP" 

30     orientation are shown at the junction (labeled j). The 

CMV promoter (solid black box) and polyadenylation signal 

(open box) are also indicated.   The PCR cloning site in 

pCRII is flanked by EcoRI sites as shown.   The location 

of three SnaBI sites positioned within the PCR product 

35     are also shown.    Primers 005 and 013 also indicated. 
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Fig. 4A, in conjunction with Figs. 4B*4G, 

illustrates the structure of PCR products that nap to the 

head-to-tail junction of AAV.CHVLacZ concatomers of Fig. 

4A.    Fig. 4A shows the predicted PCR product assuming a 

5     direct end-to-end tanden ligation of monoiner 

AAV.CMVLacZgenones.   Two complete ITRs (shaded box) with 

their respective "FLOP" and "FLIP" orientation are shown 

at the junction (labeled j).   The CKV promoter (solid 

black box) and polyadenylation signal (open box) are also 

10 indicated. 

Fig. 4B illustrates the structure of the PCR product 

from Clone 3. 

Fig. 4C illustrates the structure of the PCR product 

from Clone 8.    Clone 8 is nearly identical in size to 

15     clone 3, but contains a different rearrangement of the 

ITR junction. 
Pig. 4D illustrates the structure of the PCR product 

from Clone 5. 

Fig. 4E illustrates the structure of the PGR product 

20     from Clone 2. 

Fig. 4F illustrates the structure of the PCR product 

from Clone 6. 

Fig. 4G illustrates the structure of the PCR product 

from Clone 7. 

25 Fig. 5A characterizes the activation of cytotoxic T 

lymphocytes directed against adenoviral antigen as well 

as lacZ.   This is an analysis of lymphocytes harvested 

from Group 1 of Example 5. 

Fig. 5B characterizes the activation of cytotoxic T 

30     lymphocytes directed against adenoviral antigen as well 

as lacZ.    This is an analysis of lymphocytes harvested 

from Group 2 of Example 5. 

Fig. 5C characterizes the activation of cytotoxic T 

lymphocytes directed against adenoviral antigen as well 
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as lacz.   This is an analysis of lymphocytes harvested 
from Group 3 of Exaaple 5. 

Fig. 6A shows the activation of T lyaphocytes in 

response to different antigens including (l-galactosidase, 

5     purified AAV, or adenovirus, for each of Groups 1-4 of 

Example 5.   Activation is demonstrated by the secretion 

of IFN-Y representing the THl subset of T cells. 

Fig* 6B shows the activation of T lymphocytes in 

response to different antigens including p-galactosidase, 

10     purified AAV, or adenovirus, for each of Groups 1-4 of 

Example 5,   Activation is demonstrated by the secretion 

of IL-lO representing the TH2 subset of T cells. 

Fig. 7A illustrates results from an enzyme linked 

immunosorbent assay (ELISA), showing the development of 

15     antibodies directed against p-galactosidase in the 

various groups of example 5. 

Pig. 7B illustrates results from an enzyme linked 

immunosorbent assay (ELISA), showing the development of 

antibodies directed against adenovirus type 5 in the 

20     various groups of Example 5. 

Fig. S is a graph of plasma concentration of hF.lX 

in C57BL/6 mice as a function of time following IM 

injection of 2X10^^ rAAV-hF.IX vector genomes/animal 
(n=4). 

25 Fig. 9 is a graph showing circulating antibody 

against human F.IX as a result of im injection of rAAV- 

hF.lx in C57BIJ/6 mice.    The time course of anti-hF.IX 

antibody concentration in plasna after injection with 

2X10^^ vector genomes/animal (n*3) was determined by 

30     ELISA using mouse MAb anti-hF.IX (Boehringer Mannheim] as 

a standard.    Each line represents an individual animal. 

Fig. 10 illustrates plasma concentration of hF.IX in 

three mice as a function of time post-injection. Each 

symbol represents a different animal.   The fourth animal 
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in this experiment died 5 weeks post-injection following 

traumatic phlebotomy. 

Fig. 11 is a graph illustrating plasma concentration 

of hF.IX in four Rag-1 mice as a function of time post- 

5     injection with rAAV-hF.IX.   Each symbol represents a 

different animal. 

Fig. 12 is a schematic diagram of a head-to-tail 

concatamer of the rAAV present in transduced cells. 

Fig. 13 is a schematic diagram illustrating the 

10    construction of AV.CKVApoE. 

Detailed Description of the Invention 

The present invention provides a method for adeno- 

associated virus (AAV) mediated muscle-directed gene 

transfer which provides high level and stable transgene 

15     expression in the absence of helper virus or exogenous 

helper molecules.   Particularly, this method involves 

introducing a recombinant AAV carrying a desired 

transgene into a muscle cell.   Desirably, the rAAV vector 

is injected directly into cardiac, skeletal, or smooth 

20     muscle and the transgene encodes a secreted and/or 

diffusable therapeutic product, such as a polypeptide or 

an RNA molecule.   However, the method of the invention is 

similarly useful for administration of nucleic acids 

encoding non-secreted, therapeutically useful products. 

25 Particularly, the inventors have discovered that 

intramuscular injection of helper-free purified rAAV 

(i.e., rAAV which is substantially free of contamination 

with adenovirus or wild-type AAV) leads to highly 

efficient transduction of muscle fibers leading to stable 

30     and prolonged transgene expression.   By helper-free is 

further meant that the AAV is*in the substantial absence 

of helper virus or other exogenous helper molecules 

(i.e., helper molecules not native to or normally present 

in muscle cells).   This is accomplished without 
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significant inflaniaation or activation of iuunune 

responses to the transgene product, despite the fact that 

the product may be a neoantigen. 

The stability of transgene expression produced 

5     according to the methods of this invention is 

particularly impressive.   Without wishing to be bound by 

theory, this stability is believed to be due to the 

highly inefficient chromosomal integration of AAV 

proviral DNA in muscle cells in the absence of helper 

10     virus or other exogenous helper molecules. Several 

observations support this hypothesis.   As described in 

the examples below, analysis of Hirt extracts failed to 

detect a double-stranded episomal form of the viral 

genome.    Southern analysis of total cellular DNA revealed 

15     a discrete band when digested with an enzyme that has two 

cleavage sites within the AAV vector, whereas no discrete 

band was observed when the same DMA was digested with an 

enzyme that does not have sites within the viral genome. 

Further DNA analysis focused on the formation of 

20     concatamers and their structure.    Previous studies of 

lytic AAV infections have shown that the episomal 

replication of rAAV proceeds through head-to-head or 

tail-to-tail concatamers, while latent infections that 

result in proviral integration are established as head- 

25     to-tail tandem arrays [K.I. Barns, Microbiol. Rev.. 

^:316*329 (1990); J.-D. Tratschin et al, MQI. cell- 

SiSl^, 2:3251-3260 (1985); N. Muzcyzslca, Current Tonica 

in Wlcr9bi9lgqy and lmwi9lQqyr I5ft:97*i29 (1993); S.K. 

McLauglin et la, J, Virol.. £221963-1973 (1988)]. The 

30     data set forth herein demonstrate that muscle cells 

transduced with rAAV vectors according to this invention 

contain concatamers consisting of head-to-tail tandem 

arrays with variable deletions of both ITRs, consistent 

with a transduction mechanism involving integration of 

35     rAAV provirus. 
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Sequence analysis of the junctions created by rAAV 

concataners indicated consistent but variable deletions 

of both ITRs.   Fluorescent in situ hybridization (FISH) 

analysis was consistent with single integration sites in 

5     approximately 1 in 20 nuclei, while Southern analysis 

indicated an average of 1 proviral genoae per diploid 

genome of the muscle fiber.   Together these findings 

indicate that the average concatamers minimally comprises 

ten proviral genomes. 

10 Another advantage of the method of the invention is 

the surprising absence of inflammation upon 

administration of therapeutic doses of vector- For 

example, C57BIi/6 mice injected with a lacZ AAV vector 

failed to mount a humoral immune response to E.colx B- 

15     galactosidase despite the fact that vibrant anti-B- 

galactosidase antibodies were elicited in these animals 

when a lacZ adenoviral vector was injected into skeletal 

muscle.   Thus, when the helper-free AAV vector was used 

according to the method of this invention, immune 

20     responses to the transgene were modulated. This 

contrasts sharply with prior art methods of gene 

transfer, such as those which employ naked plasmid DNA 

[J.A. Wolff et al, fifiisnCfi, 212:1465-1468 (1990)] or 

adenovirus-mediated gene therapy [S.K. Tripathy et al, 

25     Nat, Med,. 2:545-550 (1996)), which typically elicit 

strong immune responses to the transgene.    Thus, the 

method of the invention provides a significant advantage 

over other gene delivery systems, particularly with 

respect to the treatment of chronic disorders that may 

30     require repeated administrations. 

I.      Th^ Recombinant AAV 

A recombinant AAV vector carrying a selected 

transgene is used in the methods of the invention. In 

addition to the transgene, the vector further contains 
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regulatory sequences which control expression of the 

transgene in a host cell, e.g., a auscle cell. 

Many rAAV vectors are known to those of skill in the 

art and the invention is not United to any particular 

5     rAAV vector.    For example, suitable AAV vectors and 

methods of producing same are described in        U. S. 

Patent No. 5,252,479; U. S. Patent No. 5,139,941; 

International Patent Application No. W094/13788; and 

International Patent Application No. W093/24641. One 

10     particularly desired vector is described below. 

A.      The AAV Sequences 

Currently, a preferred rAAV is deleted of all 

viral open reading frames (ORFs) and retains only the 

cis-acting 5* and 3' inverted terminal repeat (ITR) 

15     sequences [See, e.g., B. J. Carter, in "Handbook of 

Parvoviruses'*, ed., P. Tijsser, CRC Press, pp.155-168 

(1990)].   mius, the rep and cap polypeptide encoding 

sequences are deleted.   The AAV ITR sequences are about 

143 bp in length.   While it is preferred that 

20     substantially the entire 5' and 3» sequences which 

comprise the ITRs are used in the vectors, the skilled 

artisan will understand that some degree of minor 

modification of these sequences is permissible. The 

ability to modify these ITR sequences while retaining 

25     their biological fiinctions is within the skill of the 

art.    See, e.g., texts such as Sambrook et al, ""Molecular 

Cloning.    A Laboratory Manual.", 2d edit.. Cold Spring 

Harbor Laboratory, New York (1989). 

The AAV ITR sequences may be obtained from any 

30     known AAV, including presently identified human AAV 

types.   The selection of the AAV type is not anticipated 

to limit the invention.   A variety of AAV types, 

including types 1-4, are available from the American Type 

Culture Collection or available by request from a variety 

35     of commercial and institutional sources.   Similarly, AAVs 
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kno%m to infect other animals may also be eiq>loyed in the 

vector used in the methods of this invention.    In the 

examples set forth herein, an AAV-2 is used for 

convenience.   Specifically, the 5« and 3* AAV ITR 

5     sequences from AAV-2 flank a selected transgene sequence 

and associated regulatory elements, as described below. 

B.      The Transaene 

The transgene sequence contained within the 

rAAV vector is a nucleic acid sequence, heterologous to 

10    the AAV sequence, which encodes an RNA or polypeptide of 

interest.   The transgene is operatively linked to 

regulatory components in a manner which permits transgene 

expression in muscle cells. 

The composition of the transgene sequence will 

15     depend upon the use to which the resulting vector will be 

put.   For example, one type of transgene sequence 

Includes a reporter sequence, which upon expression 

produces a detectable signal.    Such reporter sequences 

include without limitation an E. coll beta-galactosidase 

20      (LacZ) cDNA, an alkaline phosphatase gene and a green 

fluorescent protein gene.   These sequences, when 

associated with regulatory elements which drive their 

expression, provide signals detectable by conventional 

means, e.g., ultraviolet wavelength absorbance, visible 

25     color change, etc.   Expression of such transgenes may be 

used in methods for cell quantitation, cell 

identification and the like. 

A more preferred transgene sequence includes a 

therapeutic gene which encodes a desired gene product. 

30     These therapeutic nucleic acid sequences typically encode 

products which, when administered to a patient in vivo or 

'       ex vivo, are able to replace or correct an inherited or 

non-inherited genetic defect or treat an epigenetic 

disorder or disease. 
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The method of the invention, which delivers the 

transgene to the nuscle cells, is particularly well 

suited for use in connection with secreted therapeutic 

proteins, such as factor IX, useful in treatment of 

5     hemophilia, or apolipoprotein (Apo) E, useful in 

treatment of atherosclerosis.   However, other therapeutic 

gene products, particularly those which are secreted, may 

be readily selected by the skilled artisan.    Examples of 

genes encoding secreted and/or diffusable products, 

10     include, without limitation, cytokines, growth factors, 

hormones, differentiation factors, and the like, e.g., 

interferon (p-iFN), erythropoietin (epo), insulin, growth 

hormone (GH), and parathyroid hormone (PTH).   These genes 

are useful for treatment of a variety of conditions, 

15     including multiple sclerosis and cancer (p-IFN), anemia 

(epo), diabetes (insulin), small stature (GH), and 

osteoporosis (PTH).   The method of the invention is also 

useful for delivery of genes encoding non-secreted 

products to the muscle.   For example, the method of the 

20     invention is anticipated to be useful in treatment of 

muscular dystrophies, by enabling delivery of a 

dystrophin gene (see, e.g., c. c. Lee et al, Nature> 

M2:334-336 (1991)] via a rAAV according to the method of 

the invention.    The selection of the transgene is not 

25     considered to be a limitation of this invention, as such 

selection is within the knowledge of the skilled artisan. 
C.      Regulatory Elements of the M^nALr^r- 

in addition to the AAV ITR sequences and the 

transgene, the vector also includes regulatory elements 

30     necessary to drive expression of the transgene in 

transduced muscle cells.   Thus the vector desirably 

contains a selected promoter and enhancer (if desired) 

which is operatively linked to the transgene and located, 

with the transgene, between the AAV ITR sequences of the 
35 vector. 
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selection of the promoter and, if desired, the 

enhancer, is a routine matter and is not a limitation of 

the vector itself,   useful promoters may be constitutive 

promoters or regulated (inducible) promoters, which will 

5     enable controlled expression of the transgene. For 

example, a desirable promoter is that of the 

cytomegalovirus immediate early promoter/enhancer [see, 

e.g., Boshart et al. Cell, 41:521-530 (1985)]. Other 

desirable promoters include, without limitation, the Rous 

10     sarcoma virus LTR promoter/enhancer and the inducible 

mouse metallothienien promoter.   Still other 

promoter/enhancer sequences may be selected by one of 

skill in the art- 
The vectors will also desirably contain nucleic 

15     acid sequences which affect transcription or translation 

of the transgene including sequences providing signals 

required for efficient polyadenylation of the transcript 

and introns with functional splice donor and acceptor 

sites.    A common poly-A sequence which is employed in the 

20     exemplary vectors of this invention is that derived from 

the papovavirus SV-40.    The poly-A sequence generally is 

inserted into the vector following the transgene 

sequences and before the 3' AAV ITR sequence.   A common 

intron sequence is also derived from 'SV-40, and is 

25     referred to as the SV-40 T intron sequence.    Selection of 

these and other elements desirable to control or enhance 

gene expression are conventional and many such sequences 

are known to those of skill in the art (see, e.g., 

Sambrook et al, and references cited therein). 

30 The combination of the transgene, 

promoter/enhancer and the other regulatory elements are 

referred to as a "minigene" for ease of reference herein. 

As above stated, the minigene is flanked by the 5* and 3» 

AAV ITR sequences.   Provided with the teachings of this 
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invention, the design of such a minigene can be readily 

accomplished by the skilled artisan. 

An example of a rAAV, i.e., AAV.CMVLacZ, and 

its use in the method of the invention is provided in the 

5     examples below.   As illustrated in Pig. l, this exemplary 

rAAV contains a 5 "AAV ITR, a CMV promoter, an SV-40 

intron, a LacZ transgene, an SV-40 poly-A sequence and a 

3•AAV ITR.    However, as stated above, the method of this 

invention is not limited to use of any particular rAAV. 

10 D.     Production of rAAV 

The sequences employed in the construction of 

the rAAV used with the method of this invention may be 

obtained from commercial or academic sources based on 

previously published and described materials. These 

15     materials may also be obtained from an individual patient 

or generated and selected using standard recombinant 

molecular cloning techniques known and practiced by those 

skilled in the art.   Any modification of existing nucleic 

acid sequences used in the production of the rAAV 

20     vectors, including sequence deletions, insertions, and 

other mutations may also be generated using standard 

techniques. 

Assembly of the rAAV, including the sequences 

of AAV, the transgene and other vector elements, may be 

25     accomplished using conventional techniques, one 

particularly desirable technique is described in X. J. 

Fisher et al, J, YifPl.. Ifld):520-532 (January, 1996), 

which is incorporated by reference herein. However, 

other suitable techniques include cDNA cloning such as 

30     those described in texts [Sambrook et al, cited above], 

use of overlapping oligonucleotide sequences of the AAV 

genome, polymerase chain reaction, and any suitable 

method which provides the desired nucleotide sequence. 

Where appropriate, standard transfection and co- 

35     transfection techniques are employed to propagate the 
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rAAV viruses in the presence of helper viruses, e.g., 

adenoviruses deleted for El using techniques such as 

CaP04 transfaction techniques, and may be readily 

selected by the skilled artisan.   Other conventional 

5    methods which may be employed in this invention include 

homologous recombination of AAV viral genomes, plaquing 

of viruses in agar overlay, methods of measuring signal 

generation, and the like. 
Desirably, the rAAV produced are purified to 

10    remove any contaminating adenovirus or wild-type AAV. A 

particularly desirable purification scheme is described 

in K. J. Fisher et al, J. virol.. 2fl(l):520-532 (January, 

1996), which is incorporated by reference.   However, one 

of skill in the art can readily select other appropriate 

15     purification means. 

II.    Therapeutic? ftppli cat ions 

Once a rAAV containing a desired transgene is 

obtained, the vector is administered directly into an 

animal's muscle.   One advantage of the method of the 

20     invention is that muscle is particularly well suited as a 

site for production of secreted therapeutic products, 

such as factor IX or apolipoprotein (Apo) E, among 

others.   Alternatively, the method of the invention is 

used to deliver a non-secreted gene product to the muscle 

25 cells. 
The rAAV vectors of the present invention may be 

administered to a patient, preferably suspended in a 

biologically compatible solution or pharmaceutically 

acceptable carrier or delivery vehicle.   A suitable 

30    vehicle includes sterile saline.   Other aqueous and non- 

aqueous isotonic sterile injection solutions and aqueous 

and non-aqueous sterile suspensions kno%m to be 

pharmaceutically acceptable carriers and well known to 
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those of skill in the art nay be employed for this 
purpose. 

The rAAV vectors of this invention are adninistered 

in sufficient amounts to provide for integration and 

5     expression of the selected transgene such that a 

therapeutic benefit may be obtained without undue adverse 

effects and with medically acceptable physiological 

effects which can be determined by those skilled in the 

medical arts.    In a preferred embodiment, the rAAV are 

10     injected directly into cardiac, skeletal, or smooth 

muscle,   one of skill in the art will also appreciate 

that other methods of administration, e.g., intravenous 

or intraarterial injection may also be utilized in the 

method of the invention so long as the rAAV is targeted 
15     to the muscle cells. 

Dosages of the rAAV vector will depend primarily on 

factors such as the condition being treated, the selected 

transgene, the age, weight and health of the patient, and 

may thus vary among patients.   A therapeutically 

20     effective dose of the rAAV of the present invention is 

believed to be in the range of from about 1 to about 50 

ml of saline solution containing concentrations of from 

about 1 X 10® to 1 X 10^^ particles/ml rAAV vector of the 

present invention.   Desirably, each dose contains at 

25     least 10^ particles rAAV.   A more preferred hiunan dosage 

is about 1-20 ml saline solution at the above 

concentrations.    The levels of expression of the selected 

transgene can be monitored by bloassay to determine the 

route, dose or frequency of administration. 

30     Administration of the rAAV may be repeated as needed. 

The examples set forth below illustrate the 

preferred methods for preparing the vectors and 

performing the methods of the invention.   These examples 

are illustrative only and do not limit the scope of the 

35 invention. 
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^jyample 1 - Production of AAV.CHVLflCar 

A recombinant AAV (rAAV) was generated in which the 

rep and cap genes were replaced with a ninigene 

expressing E. coli p-galactosldase under the control of a 

5     CHV promoter (AAV.CMVlacZ).    AAV.CMVlacZ was produced by 

using the cis-acting plasmld pAAV.CMVlacZ, which was 

derived from psub20l [R* Sanulski et al, i?t VArQlrt 

41(10):3096-310l (1987)).   Briefly, the plasmid was 

transfected into 293 cells infected with El-deleted 

10    adenovirus [K.J. Fisher et al, J. Yir9l.w 2fl:520-532 

(1996)] and AAV rep and cap functions were provided by a 

transacting plasmid pAAV/Ad (R. SamulsXi et al, 

^iroX^, 42:3822-3826 (1989) ]•    Production lots of 

AAV.CMVLacZ vector were titered according to genome 

15     copies/ml as described [Fisher et al^ Jt YirQl.> 2fi:520- 

532 (1996)]. 
The 5«-to-3* organization of the AAV.CMVLaciT genome ^ 

(4863 bp), includes: 
the 5« AAV ITR (bp 1-173) obtained by PCR using pAV2 

20      (C. A. Laughlin et al, fifinfi. 22:  65-73  (1983)] as 

template [nucleotide nvimbers 365-538 of SEQ ID NO: 1]; 

a CMV immediate early enhancer/promoter   [Boshart et 

al, Cell. 11:521-530 (1985); nucleotide numbers 563-1157 

of SEQ ID NO:  1], ' 
25 an SV40 intron (nucleotide numbers 1178-1179 of SEQ 

ID NO: 1)f 
an B. coli lac2 cDNA (nucleotide numbers 1356 - 4827 

of SEQ ID NO:  1) , 
an SV40 polyadenylation signal (a 237 Bam HI-BclI 

30     restriction fragment containing the cleavage/poly-A 

signals from both the early and late transcription units; 

nucleotide numbers 4839 - 5037 of SEQ ID NO: 1) and 

the 3' AAV ITR, obtained from pAV2 as a SnaBI-Bglll 

fragment (nucleotide numbers 5053 - 5221 of SEQ ID NO: 

35     1) . 
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With reference to Fig. i, two Bam HI sites are 

present in the double-stranded vector sequence. The 

first is located in the SV40 intron at bp position 875 

and the second lies between the lacZ DNA and the SV40 

5     polyadenylatlon signal at bp position 4469. Therefore, 

digestion of the double-stranded sequence with BaaHI 

releasee a fragment of 3595 bp in length.   The location 

of a cDNA probe that can be used to detect the internal 

BamHI fragment, as well as full-length vector, is also 

10 shown. 

The rAAV.CNViac^ virus was purified using standard 

techniques [see, e.g., K. F. Kozarsky et al, J. Biol. 

Chejau. 2fi2:13695-13702 (1994)].    Stocks of rAAV used in 

the following examples were tested to ensure the absence 

15     of replication competent wild-type AAV and helper 

El-deleted adenovirus as follows. 

293 cells were seeded in chamber slides and 

co-infected with wild-type adenovirus and an aliquot of 

the rAAV vector stock.   Twenty hours post-infection, 

20     cells were fixed and incubated with a mouse monoclonal 

antibody against AAV capsid proteins (American Research 

Products). Antigen-antibody complex was detected with a 

FITC-conjugated secondary antibody.   A positive signal 

was scored as one infectious AAV unit. Contaminating 

25     helper adenovirus was measured by infecting 293 cells 

with an aliquot of the rAAV vector stock and staining for 

alkaline phosphatase reporter expression.   The helper 

adenovirus is El-deleted and contains a human placenta 

alkaline phosphatase cDNA under the transcriptional 

30     control of the CMV promoter.    Replication-competent wild- 

type AAV or adenovirus helper was not detected in the 

highly purified preparations of rAAV. 
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gxamole 2 - rAAV Stablv Trangduces Skeletal Muscle in 

Vivo 
rAAV was administered with and without an E2a- 

deleted adenovirus, which was intended to enhance 

5     transduction.    Animal procedures were approved by the 

Institutional Animal Care and Use Committee (lACUC) of 

the Wistar Institute. 

Briefly, five weeJc old female C57BL/6 mice (Jackson 

Laboratories, Bar Harbor, Maine) were anesthetized with 

10    an intraperitoneal injection of Ketamine (70 mg/3cg) and 

xylazine (10 mg/kg) and a subsequent 1 cm lower extremity 

incision was made.    Samples of rAAV.CMVLacZ (Ixio' vector 

genomes) in 25       of HEPES-Buffered-Saline (HBS, pH 7.8) 

or rAAV^CMVlacZ supplemented with an adenovirus E2a 

15     mutant dl802 [S. A. Rice and D. L. Klessig, Jt V4r9tt.# 

5^:767-778 (1985)J  (5x10^^ Ajso Particles, ixlO® pfu) just 

prior to injection, were injected into the tibialis 

anterior muscle of each leg using a Hamilton syringe* 

Incisions were closed with 4-0 Vicryl suture. To 

20     analyze transgene expression, animals were necropsied at 

various time points post-injection and injected muscle 

was excised with a scalpel.   Tissue was placed on a drop 

of ore embedding compound, snap-frozen in liquid 

nitrogen-cooled isopentane for seven seconds, and 

25     immediately transferred to liquid nitrogen.   Analysis of 

tissue at each time point represented a minimum of 6 

injection sites (i.e., bilateral sampling from at least 3 

animals). 

For histochemical analysis, frozen muscle was 

30     segmented laterally into two equal halves, generating a 

cross-section face of the tissue.   Both halves of the 

tissue were serially sectioned (6 $m).   For X-gal 

histochemistry, sections were fixed in a freshly prepared 

0.5% glutaraldehyde solution in PBS and stained for 

35     fl-galactosidase activity as described [K.J. Pisher et al. 
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J. YirQl,, 2fl:520-532 (1996)].   Sections were 

counterstained in neutral red solution and mounted. 

When adenovirus was used as a helper for the rAAV, 

X-gal histochenistry analysis revealed high level 

5    transduction of muscle fibers by day 17 associated with 

substantial inflammation.   Surprisingly, however, animals 

that received rAAV in the absence of adenovirus helper 

deiBonstrated levels of transduction that exceeded those 

found in the presence of adenovirus.   These high levels 

10    have persisted without apparent diminution for 180 days. 

EXarole 3 - FAAV Genome TntearA^A^ with Hicih gffieiency 

as Truncated Head-tn-Tall cnnr^^^tamfrfi 

In order to characterize the molecular state of the 

stabilized rAAV genome. Southern blot analysis of DNA 

15     from skeletal muscle harvested from mice injected as 

above was perfora«d.   Models in which the rAAV genome 

persists either as an episomal double-stranded genome 

such as those formed during lytic infection, or as an 

integrated provlrus resembling latent infection were 
20 considered. 

Briefly, low molecular weight DNA (Hirt)  (see Part A 

below) and high molecular weight genomic DNA (see Part B 

/below) was isolated from mouse muscle at selected time 

points. DNA samples were resolved on a 1% agarose gel and 

25     electrophoretioally transferred to a nylon membrane 

(Hybond-N, Amersham).   The blot was hybridized with a 

^^P-dCTP random-primer-labeled restriction fragment 
isolated from the lacZ cDNA. 

A-      Petection of Eplsoiiial nouh|«;>-strand«»d 

3® To detect nonintegrated forms of the rAAV 

genome, Hirt extracts of transduced muscle DNA were 

analyzed by hybridization with a ^^P-labeled cDNA that 

maps to the probe sequence shown in Pig. i.   The Hirt DNA 

samples (15 til, equivalent to 15 mg tissue) were 
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extracted from nuscle harvested on day 8, 17, 30, and 64 

post-injection. 

DNA from a cultured cell line infected with 

rAAV in the presence of adenovirus was analyzed. The 

5     analysis of Hirt extracts fron that cell line 

demonstrated the presence of both single-stranded and 

monomeric double-stranded forms of the virus. However, 

Hirt extracts of muscle transduced with rAAV alone 

demonstrated the single-stranded genome by day 8 that 

10     diminished to undetectable levels by day 64. Double- 

stranded forms of rAAV were never detected in the Hirt 

extracts even when the filters were over-exposed. This 

indicates that the single-stranded rAAV genome is 

efficiently transferred into cells of skeletal muscle; 

15     however, it is not converted to transcriptionally active 

episomal forms. 
B.     n^t«.ctton gn<i rti;*raet«>r1 nation of Intwrfltgd 

t>i-nviyal DNA 
To detect integrated proviral W<A, additional 

20     hybridization studies were performed with total cellular 

DNA harvested from transduced skeletal muscle 64 days 

post-infection.    Genomic DNA (10 ng, equivalent to 18 ftq 

tissue) was digested with BamHl or Hindlll, a restriction 

enzyme that does not cut proviral DMA.   As expected, 

25    Hindill digestion resulted in a smear after gel 

fractionation and hybridization to a virus specific 

probe.   However, when genomic DMA was digested with 

BamHI, which cuts twice within the provlrus, a discrete 

band of the predicted size of 3.6 kb was detected at an 

30     abundance of approximately 1 proviral genome/diploid host 

cell genome. 
The structure of the integrated provirus was 

characterized using PGR analysis to delineate the 

potential mechanisms of persistence.   Previous studies of 

35     wild type and rAAV have suggested different pathways of 
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DMA replication in the lytic and latent phases of the 

viral life cycle.    Specifically, in the presence of 

helper virus, AAV replicates to fora dineric replicative 

inten&ediates by a mechanism that results in the 

5     synthesis of head-to-head or tail-to-tall concataners. 

This contrasts with latent infections where the 

integrated proviral genome is characterized by head-to- 

tail genomic arrays. 

Genomic DNA from skeletal muscle was subjected 

10     to PCR analysis to amplify junctions between AAV genomic 

concatamers.   A PCR method to detect integrated rAAV was 

developed, based on data indicating that integrated forms 

of rAAV are typically found as head-to-tail concatomers. 

Specifically, oligonucleotide primers were synthesized to 

15     allow selective PCR amplification across head-to-tail 

junctions of two monomers of the AAV.CMVLacZ genome. The 

sense-strand primer 005 (5'-ATAAGCrcCAATAAACAAGT-3*; SEQ 

ID NO: 4) mapped to bp position 4584-4603 of the SV40 

polyadenylation signal domain.   The antisense-strand 

20      primer 013  (5 •-CATGGTAATAGCGATGACrA-3 ' ;  SEQ ID NO:2) 

mapped to bp position 497-478 of the CMV promoter, while 

the antisense-strand primer 017 

(5«-GCTCTGCTTATATAGACCTC-3* ; SEQ ID NO: 3) mapped to bp 

position 700-680 of the CMV promoter.    If the ITRs are 

25     retained intact, oligos 005 + 013 [SEQ ID NO:2] should 

amplify a 797 bp fragment while oligos 005 and 017 [SEQ 

ID NO: 3J should amplify a 1000 bp fragment,    it is 

important to emphasize that the predicted PCR product 

sizes are based on the assumption that provirus junctions 

30 contain two ITR copies. Amplification across a junction 

that has fewer than two copies will therefore generate a 

PCR product that is proportionally smaller in size. 

PGR reactions were performed using lOO ng 

genomic DNA template and primer concentrations of 0.5 MM. 

35     The thermocycle profile was 94* C 1 min, 52* C 1 min, and 
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72* C 1 min 30 sec for 35 cycles; the 94• C denaturatlon 

step of the first cycle was 2 min, while the 72 • C 

extension step of the last cycle was 10 min. PCR products 

were analyzed by agarose gel electrophoresis. 

PCR reactions were conducted on genomic DNA 

isolated from AAV.CMVLacZ transduced muscle harvested at 

day 64 post-infection, as described above.   Genomic DNA 

from muscle injected with Hepes buffered saline (HBS) was 

used as a negative PCR control.   No amplification 

products were detected when primers were used that should 

span a head-to-head or tail-to-tail junction (data not 

shown).   However, when DNA from AAV.CMVlacZ transduced 

muscle was analyzed with oligonucleotides 005 and 013 and 

005 and 017, a smear was detected consistent with a 

heterogenous population of head-to-tail concatamers 

(Figs. 2A and 2B). 
PCR reactions were also conducted with genomic 

DNA from cell lines that contain integrated AAV.CMVLacZ. 

The provirus structure of these clones has been 

determined by Southern blot analysis.   Three cell lines 

(10-3.AV5, 10-3.AV6, and 10-3.AV18) each of which contain 

at least two monomer copies of integrated AAV.CMVLacZ 

arranged head-to-tail were identified.   Based on the size 

of the PCR products (a 720 bp product using primer set 

005-013, and a 930 bp product using primer set 005-017), 

two clones 10-3.AV5 and 10-3.AV6 likely contain 1.5 

copies of AAV ITR at the junction.    Another clone 10- 

3.AV18 contains a large deletion that encompasses the AAV 

ITRs producing a 320 bp product using primer set 005-013 

and a 500 bp product using primer set 005-017. Another 

cell line 10-3.AV9 contains a single monomer copy of 

integrated AAV.CMVLacZ according to Southern blotting, 

and appears to be confirmed by the absence of a PCR 

product. 
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Thus, analysis of DNA from rAAV infected cell 

lines selected for stable transduction revealed distinct 

bands smaller than that predicted for an Intact head-to- 
tail concatamer* 

5 D.      Structural Analvals 

Detailed structural analyses of the proviral 

junctions recovered from skeletal muscle DNA was 

performed by subcloning from the PCR reaction (Fig. 3) 

followed by restriction analysis (Figs. 4A-4G). 

10     Particularly, PCR products from one of the muscle samples 

BL.ll obtained as described above were directly ligated 

into commercially available plasmid pCRII in which the 

insert was flanked by EcoRI sites. Commercially 

available competent bacterial strain TOPlO F« were 

15     transformed with the ligation reactions.    In effect, this 

procedure results in a plasmid library of PCR products. 

The library was plated at a density to give well isolated 

colonies and screened by overlaying with a nylon membrane 

and hybridizing with a ^^P-labeled fragment corresponding 

20     to the CMV promoter/enhancer.   Putative positive clones 

were grown overnight in small-scale cultures (2 ml). 

Plasmid DNA from six representative clones was 

extracted from the small-scale cultures and digested with 

either EcoRI to release the entire PCR product or with 

25     SnaBI as a diagnostic indicator.   Digestion with SnaBI 

should release a 306 bp fragment (SnaBI 476 to SnaBI 782) 

spanning the CMV promoter.   The release of a second 

fragment mapping to the ITR junction (SnaBI 142 to SnaBI 

476) is contingent on rearrangements that occur during 

30     formation of the concatomer, and could therefore range in 

size from 334 bp (2 complete ITR copies) to 0 bp if the 

ITRs have been deleted• 

The PCR product from cell line 10*3.AV5 

believed to contain 1.5 copies of AAV ITR (10-3 .AVS) was 

35     also cloned into pCRII and digested with the indicated 
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enzyme.   This sample serves as a positive control for the 

diagnostic SnaBI digestion.   Digestion of this sample 

with £coRI correctly releases the 730 bp PCR fragment, as 

well as a secondary doublet band approximately 500 bp in 

5     size.    This secondary band is believed to be an artifact 

due to secondary structure that develops in the 1*5 

copies of AAV ITR during replication in bacteria. 

Digestion of the positive control with SnaBI releases the 

diagnostic 306 bp fragment from the CMV promoter and a 

10    250 bp fragment that maps to the ITR junction. 

Digestion of the six individual clones with 

EcoRI and SnaBI indicated deletions of variable lengthy 

were present in all recovered junctions and largely 

confined to ITRs at the junctions.    Sequence analyses 

15     further indicated that most deletions spanned portions of 

both ITRs at the junctions without involving contiguous 

viral DNA. 
E.      Fluorescence in sifcu hybridization fFISH) 

AnalYgjg 
20 FISH was performed on cryosections of skeletal 

muscle to characterize the distribution of proviral DNA 

within the injected tissue.    Small 4-5 mm pieces of 

muscle from treated or control mice were embedded in OTC 

and quicXly frozen in liquid isopentane cooled with 

25     liquid nitrogen.   Frozen sections, 10M thick were cut on 

a cryomicrotome.   Sections were mounted, fixed 
(Histochoice) and processed for fluorescence by In situ 

hybridization using a previously described protocol [E, 

Gussoni et al, ^ft. Biotech.. 11:1012-1016 (1996)j. 

30 Adjacent sections were stained for B-galactosidase 

activity to identify lacZ positive areas in muscle 

bundles. 
For quantifying FISH signal, lacZ positive 

areas (as determined by staining adjacent sections for 

35     B-galactosidase activity) were examined under a Nikon 
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15 

nicrophot FxA microscope equipped with epifluorescence. 

The total number of individual muscle fibers 

corresponding to lacZ positive area in the section were 

counted under a standard phase contrast mode.   The same 

5     area was then examined under fluorescence microscopy 

using the appropriate filter package for rhodamine 

isothiocynate.   The number of muscle cell nuclei showing 

punctate staining was recorded.   Each positive nucleus 

was examined under phase contrast to ascertain that it 

10    came from a muscle fiber.   For controls, lacZ negative 

areas (areas in the same sections that lacked 

A-galactosidase activity, or mock transfacted muscle 

sections) were examined and quantified in a similar 
manner. 

For confocal microscopy, sections were observed 

under an oil immersion objective lens (lOOX) on a Leica 

confocal laser microscope equipped with Krypton-Argon 

laser (Leica liwertechnik, GmbH) , TSC and Voxel View 

Silicon graphics central work stations. Images observed 

under rhodamine channel were also sequentially observed 

under differential interference contrast to confirm the 

location of fluorescence signal with muscle cell nuclei. 

The differential contrast and fluorescence images were 

then sequentially superimposed on a TCS central work 

25    station and were transferred to a Silicon graphics work 

station for image processing. Processed Images were 

Stored and printed using Photoshop software. 

Serial sections were alternatively stained for 

p-galactosidase activity to identify transgene expressing 

30    muscle fibers and hybridized with a biotinylated proviral 

probe to localize the distribution of the proviral 

genome.   A discrete fluorescent signal was detected in 

some nuclei of p-galactosidase expressing muscle fibers. 

A survey of three serial sections revealed hybridization 

35     in 53/1006 (5.3%) nuclei of ^-galaotosidase expressing 

20 
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fibers and 0/377 nuclei of fibers not expressing P- 

galactosidase.   Hybridization vas not detected in tissues 

from uninfected animals (data not shown)• 

The ability to detect viral genomes by FISH added 

5     another dimension to the analysis.   Single foci of 

hybridization was detected in 5% of all nuclei contained 

within muscle fibers expression p*galactosidase«    It is 

possible that this is an underestimate of transduced 

nuclei, because of limitations in sensitivity of this 

10     technique especially for target seqpiences less than 12 kb 

in size (B.J. Trask, Trends Genet,. 2:149-154 (1991)]. 

The implications of the FISH analysis are interesting. 

The presence of 1 proviral genome/diploid myoblast 

genome, as measured by Southern, together with the FISH 

15     result that demonstrated 5% of nucleic acids harboring an 

AAV genome would predict that the average concatamer 

minimally comprises ten proviral genomes.   These studies 

show p-galactosidase enzyme activity that extends far 

beyond the site of a vector transduced nucleus, 

20     suggesting an extended nuclear domain of at least 10 Mm. 

This is consistent with previous work which documented 

extended nuclear domains for cytostolic proteins [H.M. 

Blau et al, Adv, EXP. Med- & Biol,. 242:167-172 (1990]. 

An extended nuclear domain of transgene expression within 

25     the syncytial structure of the muscle fibers is important 

to applications of gene therapy for several reasons. The 

net yield of recombinant protein from a transduction 

event may be higher in a syncytium where the distribution 

of protein is less constrained by membrane barriers. 

30     Furthermore, this system has advantages in vector systems 

that require expression of multiple recombinant proteins 

such as those with inducible promoters [J.R. Howe et al, 

J. Biol. Chem.. 22fl:14168-14174 (1995); V. M. Rivera et 

al. Mat, Med., 2:1028-1032 (1996)].    In muscle, 
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coexpression of recombinant proteins does not require 

cotransduction with a single nucleus because of the 

extensive network of overlapping domains* 

Example 4 - Transaene Directed immune Resnongey 

5    MiniB42?fid when Helper-Free rAAV is used for Mu^m^- 

Directed Gene Delivery 

The stability of lacZ expression in muscle cells 

achieved from a lacZ-containing rAAV vector administered 

in the absence of helper virus was surprising in light of 

10     previous work which demonstrated destructive immune 

responses mounted against B-galactosidase expressed from 

adenoviral vectors in muscle fibers. Transgene-specific 

immune responses were studied further by measuring the 

serum levels of anti*B-galactosidase antibodies using 

15     Western analysis. 

Blood was drawn from C57BL/6 and RdsA-26 mice 

(Jackson Laboratories, Bar Harbor, ME) necropsied on day 

30 after virus injection and serum was collected. 

ROSA-26 is a transgenic line that carries the E. coll 

20     B-galactosidase cDNA and was developed on a 129 

background.    Serum was also harvested from C57BL/6 mice 

that received an intramuscular injection of either a 

recombinant LacZ adenovirus (HS.OloCMVLac^, 5 x 10^ pfu 

in 25 Ml of HBS) or the recombinant AAV.CKVLacZ (as 

25     described above) .    Both vectors express ^.coii {I- 

galactosidase from a CMV-driven minigene.    Aliquots (5 

Mg) Of purified B-galactosidase from £• coli (Sigma) were 

resolved on a 10% SDS polyacrylamide gel (5 mg/lane) and 

electrophoretically transferred to a nitrocellulose 

30    membrane (Hybond-ECL, Amersham).   The blot was incubated 

with blotto [5% nonfat milk, 50 mM Tris-HCl (pH 8.0), 2 

mM CaCl, and 0,05% Tween*20] at room temperature for 2 

hours to block available sites.   Individual lanes were 

cut and incubated with serum (diluted 1:200 in blotto) 
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for 1 hour at room temperature.   Localization of 

antigen-antibody complex was accomplished by adding goat 

anti-mouse horseradish peroxidase conjugate, followed by 

ECL detection (Amersham).   The cut lanes were reassembled 

5     on a mylar sheet prior to addition of ECL reagent and 

film documentation. 

intramuscular injection of the HS.OlOCMVlacZ El 

deleted adenovirus into skeletal muscle of C57BL/6 mice 

resulted in substantial 6-galactosidase antibody 

10     accumulation in serum that did not occur in MHC-identical 

transgenic animals carrying an inserted lacZ gene which 

are immune tolerant to p-galactosidase. Significantly, 

neither C57BL/6 nor lacZ transgenic animals developed 

antibodies to B-galactosidase after intramuscular 

15     injection with AAV.CMVlacZ. 

Byampie 5 > Comparative Studies of Adenoviral and AAY 

^^7t97r^ ^" Muscle Cells 
Studies of the biology of muscle-directed gene 

transfer mediated by recombinant AAV and adenovirus 

0     demonstrate that adenoviruses, but not AAV, infect 

antigen presenting cells (APCs), which elicit a cascade 

of immunological responses leading to destructive 

cellular and humoral immunity. 

An experimental paradigm was constructed to define 

5     the specific differences in host responses to skeletal 

muscle-directed gene transfer with recombinant AAV and 

adenovirus.   The goal was to delineate differences in the 

biology of these vector systems that lead to preferential 

immunologic activation directed against a transgene 

0     product (i.e., p-galactosidase) when expressed from a 

recombinant adenoviral vector, but not an AAV vector. 

The general approach was to inject a lac^ expressing 

AAV into the right leg of a mouse.   This has been sho%m 
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in the examples above to confer efficient and stable gene 

expression.    In other experimental groups, the animals 

receive rAAV in addition to various combinations of 

vectors and cells in order to define coiqponents of the 

5     immune response directed against Ad that lead to 

destructive cellular and h\imoral immunity. The effects of 

these experimental manipulations were followed by 

assessing their impact on the stability of the rAAV 

engrafted muscle fibers, as well as measuring other 

10     immunologic parameters.   Any intervention that elicits 

immunity to P-gal in muscle fibers can be detected by 

assessing the stability of transgene expression in the 

AAV-transduced muscle, and the development of 

inflammation. 

15 Four experimental groups were developed for this 

study as summarized below.    Virus was injected into mice 

using techniques substantially similar to those described 

in Example 2 above, i.e., virus was suspended in 

phosphate-buffered saline and injected directly into the 

20     tibialis anterior muscles.   When the animals were 

necropsied, muscle tissues were snap-frozen in liquid 

nitrogen-cooled isopentane and sectioned at 6 

thickness, while serum samples and the draining inguinal 

lymph nodes were harvested for immunological assays. 

15 Lymphocytes were harvested from inguinal lymph nodes 

and a standard 6 hr ^^chromium (Cr)-release assay was 

performed essentially as described below, using different 

ratios of effector to target cells (C57SV, H-2^)in 200 |il 

DMEM in V-bottom 96-well plates.   Prior to mixing with 

0     the effector cells, target cells were either infected 

with an adenovirus expressing alXaline phosphatase 

(AdALP) or stably transduced with a lacZ-expressing 

retrovirus, pLJ-lacZ, labeled with 100 ^Ci of ^Icr and 

used at 5 X 10^ cells/well.   After incubation for 6 hr. 
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aliquots of 100 ^1 supernatant were counted in a gaimna 

counter.   The results for groups 1-3 are provided in 

Figs. 5A-5C. 
Frozen sections (e^n) WTB fixed in nethanol and 

5     stained with anti-CD4 and anti-CD8 antibodies. 

Morphometric analysis was performed to quantify the 

number of CD8+ cell and CD4+ cells per section. 

The cytokine release assay was performed essentially 

as follows. Lymphocytes were restimulated for 40 hr with 

10     p-galactosidase, purified AAV, or adenovirus type 5. 

cell-free supernatants (100 M1) were assayed for the 

secretion of IL-10 and IFN-Y-   Proliferation was measured 

72 hr later by a 8 hr ^H-thymidine (0.50 ^Ci/well) pulse. 

The results for the four groups are provided in Figs. 6A 

15     and 6B. 
The neutralizing antibody assay was performed 

essentially as follows.   Mouse serum samples were 

incubated at 56for 30 min to inactivate complement and 

then diluted in DMEM in two-fold steps starting from 

20      1:20-    Each serum dilution (100 M1> was mixed with p- 

galactosidase or adenovirus type 5.   After 60 

minincubation at 37*>C, 100 M1 of DMEM containing 20% FBS 

was added to each well.   Cells were fixed and stained for 

p-galactosidase expression in the following day.   All of 

25     the cells stained blue in the absence of serum samples. 

The results for the four groups are provided in Figs. 6A 

and 6B. 
Group 1 nice received AAV.CHVlac^, produced as 

described in Example 1, in the right leg with no other 

30     intervention.    Transduction with AAV.CMVlac^ alone led to 

high levels of stable gene transfer (evident even at 28 

days) without infiltration of lymphocytes.   No activation 

of CD8 T cells was detected (Fig. 5).   Nor were antigen- 

specific, CD4^ T cells [i.e., viral or p-galactosidase 
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(Figs. 6A and 68)) detected.    Antibodies were not 

generated to ^-galactosidase or adenovirus (Figs. 7A and 
7B) . 

Group 2 Bice received AAV.CMVJac^ in the right leg 

5     and adenovirus expressing lac^ (HS.OlOdfVlacZ) in the 

left leg.   The goal of this group was to deteraine if the 

immunologic response to the Ad-infected muscle fibers was 

systemic, as demonstrated by its impact on the biology of 

the contralateral AAV.CMVlac^ transduced leg. 

10     Apparently, the adenoviral lacZ treatment induced an 

immune response to p-galactosidase that led to the 

destruction of the AAV lacZ transduced fibers. Not 

surprisingly, this was associated with infiltration of 

both CD4 and CDS T cells into the AAV transduced leg, and 

15    the activation of cytotoxic T lymphocytes to both 

adenoviral and p-galactosidase antigens (Fig. 8). 

Activated CD4 T cells specific for AAV, Ad, and P-gal 

antigens and antibodies specific for adenovirus and p- 

galactosidase were also observed. 

20 Group 3 animals received a mixture of AAV.CMViac^ 

and Ad Bglll in the right leg.   AdBglli is an £1-deleted 

adenovirus that expresses no recombinant gene.   The goal 

of this group was to determine if the adenovirus provides 

an adjuvant effect which would elicit immunity to AAV to 

25     lacZ in this setting.   This did not lead to loss of 

transgene expression, although there was substantial 

infiltration of CDS T cells and some activation of CD4 T 

cells to viral antigens, but not to f)*9alactosidase 

(Figs. 6A-6B).   As expected, antibodies were generated 

30     towards adenovirus but not towards p-galactosidase (Figs. 

7A-7B) . 

Group 4 animals received AAV.CMVIacZ in the right 

leg and were adoptively transferred with antigen 

presenting cells harvested from naive animals and 

35     infected ex vivo with adenovirus. 
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These animals mounted a vigorous and effective 

immunologic response to p-gal, as demonstrated by the 

loss of transgene expression, and the nassive 

infiltration of CDS and CD4 T cells.   C04 T cells were 

5     activated to (J-gal in this experiment as shown in Figs. 

6A-6B, and anti-p-galactosidase antibodies generated, as 

shown in Figs. 7A-7B. 

ByflBPl** ft - Transr^iietion of a nurified rftftV YgPWr 

^»P^^^n<"" Factor- Tx Into Bkeietai winrAn Q9lln fln^ 

10     ovr^rA^fiion of F.TX at therapetttica] lY m9Ul leyglg and 

elicitina a evtotoytc iimWWt rggPffnggi 

The data provided in this example demonstrates that 

the method of this invention provides prolonged 

expression of a therapeutic transgene, F.IX, in both 

15     immunocompetent and immunoincompetent subjects in the 

absence of an immune response cytotoxic to the transduced 

cells.    Further, the protein levels achieved in the serum 

of immunoincompetent animals are adequate to achieve a 

therapeutic effect.   Thus, prolonged expression of human 

20     F.IX in muscle cells via rAAV vectors in 

immunoincompetent patients, such as those with hemophilia 

B, is useful to deliver F.IX to patients with that 

disease. 
A.     pi-«paration of purified rAAg 

25 The rAAV vector used in the following in vivo 

experiments carries an expression cassette containing the 

hunan F.IX cOMA including a portion of Intron I under 

transcriptional control of the cytomegalovirus (CMV) 

immediate early gene promoter/enhancer and SV40 

30     transcription termination signal.   The vector, which 

contains this expression cassette flanked by AAV ITR 

sequences, and which completely lacks AAV protein coding 

sequences, was constructed as follo%is. 
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Recombinant AAV was generated by co-transfection of 

a F.IX cis plasmid (pAAV-FiX) and the trans-acting 

plasmid pAAV/Ad [A.w. Skulinowski and R.j. SaMulski, 

Methodt ttoit C^nett, 7:7-12 (1995)] into human embryonic 

5    kidney (293) cells infected with an £l-deleted adenovirus 

as described by Fisher et al., J, Virol., 20:520-532 

(1996)•   pAAV-Fix was derived from psub20l [Skulimowski 

and Samulski cited above] and contains the CMV 

promoter/enhancer, the human F.IX coding sequence 

10     including 1.4-kb fragment of Intron I (S. Kurachi et al, 

Jf BjLgl- ChCT., 22fi:5276*-528l (1995)], and the SV40 

polyadenylation signal, flanked by AAV ITR sequences. 

The AAV rep and cap gene functions were supplied in trans 

by pAAV/Ad.    The El-deleted adenovirus contained a S- 

15     galactosidase (LacZ) or alkaline phosphatase (AliP) 

reporter gene to trace potential contamination of rAAV 

stocks with this helper virus.   Cells were lysed 48 hours 

after transfection by sonication, and the released rAAV 

particles were purified by four rounds of CsCl density 

20     gradient centrifugation as described by Fisher et al., 
cited above. 

The resulting rAAV-F.IX particles had a density 

of 1.37-1.40 g/ml.    The titer of the purified rAAV-F.IX 

was determined by slot blot hybridization using a probe 

25     specific to either the CMV promoter or Intron I sequences 

and standards of pAAV--F.IX plasmid DKA of known 

concentration.    The ability of rAAV-F.IX to transduce 

cells In vitro was confirmed by transducing growing HeLa 

cells and measuring the concentration of hF.lx in the 

30     culture supernatant 36 hours post-infection with an ELISA 

specific to hF.IX [J. Walter et al, Proc> Natl, An;irf, 

ggit ygAr  93:3056-3061 (1996)].    rAAV-F.IX (lO^^.j^o" 

genomes/ml) was stored at -79in HEP£S-Buffered Saline, 

pH 7.8, including 5% glycerol. 
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Purified rAAV-F.IX routinely lacked detectable 

anounts of contaminating adenovirus when analyzed by 

transduction of 293 cells followed by staining for 

alkaline phosphatase or B-galactosidase as described by 

Fisher et al., cited above*   Wild-type AAV was detected 

at <1 infectious unit per 10^ genomes of rAAV-F^IX. The 

assay for wild-type AAV was as follows: 293 cells grown 

on chajnber slides were co-infected with adenovirus and 

with aliquots of purified rAAV-F.IX and fixed for 

inuaunofluorescence staining 24 hours post-infection. A 

mouse monoclonal antibody against AAV capsid proteins 

(American Research Products, Belmont, MA) served as a 

primary antibody, and anti-mouse igG (DAKO Corporation, 

Carpinteria, CA) in a dilution of 1:40 as secondary 

antibody. 
B.      Tntroduction of rAAV into skeletal mugcle 

Mouse strains selected for intramuscular 

injection with rAAV were C57BL/6 (Charles River 

Laboratories, Wilmington, MA) and B6, 129, Rag 1 (Jackson 

Laboratories, Bar Harbor, Maine).    Female mice (4-6 week- 

old) were anesthetized with an intraperitoneal injection 

of ketamine (70 mg/kg) and xylazine (10 mg/kg), and a 1 

cm longitudinal incision was made in the lower extremity. 

AAV-F.IX (2x10^^ or 1x10^*^ vector genomes/animal in 

HEPES-buffered saline, pH 7.8) was injected into the 

tibialis anterior (25 MD and the quadriceps muscle 

(50M1) of each leg using a Hamilton syringe. Incisions 

were closed with 4-0 Vicryl suture.    Blood s«unples were 

collected at seven-day intervals from the retro-orbital 

plexus in micr©hematocrit capillary tubes and plasma ^ 

assayed for hF.IX by ELISA (part C below). For 

immunofluorescence staining (part D below) and DMA 

analysis (part F below), animals were sacrificed at 

selected time points and injected and non-injected muscle 

tissue was excised.   Tissue was placed in OTC embedding 
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compound, snap*-frozen in liquid nitrogen-cooled 

isopentane for seven seconds, and inmediately transferred 
to liquid nitrogen. 

Detection of human P,IX bv ET^TSA 

5 Human F.IX antigen in mouse plasma was 

determined by ELISA, as described by Walter et al., cited 

above*   This ELISA did not cross-react with mouse F.IX. 

All samples were measured in duplicate*   Protein extracts 

from injected mouse muscle were prepared by maceration of 

10     muscle in phosphate buffered saline (PBS) containing 

leupeptin (0.5 mg/ml) followed by sonication. Cell 

debris was removed by nicrocentrifugation, and 1:10 

dilutions of the protein extracts were assayed for hF.IX 

by ELISA.    Extracts from rAV.CKVLacZ (see Example 1 

15     above)-injected muscle were used as negative controls. 

Protein concentrations were determined with the BIORAD 

assay (Bio-Rad, Hercules, OA). 

D.      Immunofluorescence staining 

In order to perform immunofluorescence staining 

20     of tissue sections, cryosections of muscle tissue (6^m) 

were fixed for 15 minutes in 3% paraformaldehyde in PBS, 

pH 7.4, rinsed in PBS for 5 minutes, incubated in 

methanol for 10 minutes, washed three times in PBS, and 

then blocked in PBS/3% bovine serum albumin (BSA) for 1 

25     hour.   Sections were subsequently inctibated overnight 

with an affinity purified goat anti-human F.IX antibody 

(Affinity BiologicalB) that was diluted 1:1000 in PBS/1% 

BSA.   After three washes (10 minutes each) in PBS/lt BSA, 

the secondary antibody was applied for 90 minutes (FITC- 

30     conjugated rabbit anti-goat IgG, DAKO Corporation, 

diluted 1:200 in PBS/1% BSA).   After three additional 

washes in PBS/1% BSA, sections were rinsed in distilled 

water, air-dried and moiinted with Fluoromount G mounting 

media (Fisher Scientific).   All incubation steps were at 

35     room temperature, except for incubation with the primary 
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antibody (4*C).   The sane protocol was applied when 

sections were stained with rabbit anti-huinan collagen IV 

as primary antibody (Chenicon, Tenecula, CA) in a 1:500 

dilution and FITC conjugated anti-rabbit IgG (DAKO 

5     corporation) as secondary antibody.   For co-localization 

studies, a goat anti-hF.lX antibody conjugated to FITC 

(Affinity Biologicals) was applied simultaneously with 

the anti-collagen IV antibody, and rhodamine-conjugate 

anti-rabbit IgG (Chenicon) was used to detect collagen 

10     iv-antibody complexes.   Fluorescence microscopy was 

performed with a Nikon FXA microscope. 

E. Teats for circulating antibody aoainst hF.IX 

Plasma samples of C57BL/6 mice intramuscularly 

injected with AAV-F.IX were tested for the presence of 

15     antibodies against hF-IX using the ELISA. Microtiter 

plates were coated with human F,IX (1 ^g/ml in O.IM 

NaHC03, pH 9.2)-    Dilute plasma samples (1:16) were 

applied in duplicate, and antibodies against hF.IX 

detected with horseradish peroxidase conjugated anti- 

20    mouse IgG (Zymed, San Francisco, CA) in a dilution of 

1:2000.   Buffer conditions were as described in Walter et 

al, cited above.   Anti-hF.IX levels were estimated by 

comparison of absorbance values with monoclonal mouse 

anti-hF.IX (Boohringer Mannheim) diluted to a final 

25     concentration o£ 1 iig/nl.   Western blots to demonstrate 

the presence of anti-hF.IX were performed as outlined by 

Dai et al., T>irc^c. Matl, Acad. Sci. USA, ^2:1401-1405 

(1995), except that a horseradish peroxidase conjugated 

goat anti-mouse IgG antibody (Boehringer Mannhein) was 

30    used as secondary antibody, thereby allowing the 

detection of hF.IX-antibody complexes with ECL reagent 

(Amersham).    Dilution of mouse plasma were 1:500. 

F. DMA analyses 

Genomic DMA was isolated from injected muscle 

35     tissue as described for masimalian tissue by Sambrook et 
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MgjgPM^flr Cloning;    A Laborat:nvY Wflmifll,  cold spring 
Harbor Press, Cold Spring Harbor, NY (1989). As described 

in Example 3 of the application, PCR reactions were 

carried out in order to amplify head-to-tail junctions of 

5     rAAV tandem repeats.   The forward primer 005 [SEQ ID 

MO: 4 J anneals the SV40 polyadenylation signal (bp 

position 8014-8033), and reverse primers 013 [SEQ ID NO: 

2] and 017 (SEQ ID NO: 3J bind to the CMV promoter (bp 

position 4625-4606 and 4828-4809).   PCR reactions were 

10     performed using lOO ng genomic DNA in a total reaction 

volume of 100 Ml including 1.5 mM MgClj, and 0.5 nH of 

primer pair 005/013 or 005/017.   After an initial 

denaturation step (94'C for four minutes), 35 cycles of 

the following profile were carried out:   denaturation at 

15     94'C for four minutes), 35 cycles of the following 

profile were carried out: denaturation at 94'C for 1 

minutes, annealing at 52'C for 1 minute, extension at 

72"C for 90 seconds (lo minutes during the final cycle). 

PCR products were cloned (for DNA sequence analysis) 

20     using the T/A cloning kit (Invitrogen, San Diego, CA) . 

Southern blot hybridizations were performed using ^^p. 

dCTP random primed labelled probes specific for the dfV 

promoter (for hybridization to PGR fragments) or for 

intron I of hF.IX as present in rAAV-F.lX (for 

25     hybridization to genomic mouse DMA). 

6-      Results of gvif»i-«.^s1on       HP TY 

immunQcomnet«>nf 

lmmunocoiq>etent C57BL/6 mice were injected 

intramuscularly with rAftV-hP.ix and the animals 

30     sacrificed one month post-injection.   An ELISA on 

protein extracts from injected muscles (tibialis anterior 

and quadriceps) demonstrated the presence of 1.8-2.1 ng 

hF.IX/mg tissue (40-50 ng hF.IX/mg protein). The 

expression of hF.IX in muscle tissues was confirmed by 

35     immunofluorescence studies on tissue sections. 
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Inmunoconpetent C57BL/6 mice were injected 

intramuscularly with rAAV-hF.IX and the animals 

sacrificed three months post-injection.   Factor IX was 

not detected in uninjected muscle.    Factor IX was not 

5     detected in muscle injected with a control, rAAV-lacZ. 

Expression of human F.IX was detected in muscle fibers of 

C57BL/6 mice three months post-injection (3.3x10^^ vector 

genomes per injection site; magnification 200x). Note 

that F.IX is present not only in the muscle fibers 

themselves, but in the interstitial spaces between the 

fibers as well where it appears to accumulate. 

Interestingly, this staining pattern was 

identical to that seen with a polyclonal antibody against 

human collagen IV, which also stained the interstitial 

space.   A stain of muscle one month post infection with 

rAAV-hF.IX (3.3 x 10^^ genomes per injection site) 

stained well with antibody to human collagen IV (data not 

shown).   Collagen IV has recently been identified as a 

binding protein for human F.IX [W,-F. Cheung et al, ProPt 

Nam- Acad.  Sci>  USA, 22:11060-11073 (1996)]. 

Initial experiments in immunocompetent mice 

demonstrated that, despite high levels of gene transfer 

and stable expression of hF.IX in injected muscle, it was 

not possible to detect significant amoiints of hF.IX in 

the circulation by ELISA.   See, Fig. 8. Further 

experiments demonstrated that the animals had developed 

high-titer antibodies against the circulating foreign 

protein.    For example, when the same plasma samples were 

tested for antibodies against human F.IX, a strong 

antibody response was seen in all injected animals 

starting at day 11 post-injection.    See Fig. 9. Using 

Western blot analysis, high levels of circulating 

antibody were found to have persisted for the duration of 

the experiment. 
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This finding contrasted with our previously 

reported experience, in which a different route of 

administration, i.e., intravenous injection, of a 

different vector, i.e., an adenoviral vector expressing 

5     hP.IX, effected a different imiune response, i.e., did 

not trigger foraation of neutralizing antibodies against 

hF.lX (Walter et al, cited a]x>ve)]. 

Levels of protein expression required to induce 

antibody formation however are quite low.   The Western 

10     blot assay is somewhat less sensitive than an ELISA but 

documents what appears to be a rising antibody titer 

beginning 18 days after injection.   Thus in the 

immunocompetent animals, the absence of detectable hP.IX 

expression at initial time points is a result of the 

15     biology of rAAV expression in muscle, whereas the 

subsequent absence of detectable P.IX in the circulation 

results from the production of antibodies to the foreign 

protein.   Nevertheless the serum antibody response was 

not associated with cytotoxic immune response directed 

20     against the transgene-expressing cells.   In fact, neither 

inflammation nor extensive tissue damage was observed in 

any of the tissue sections discussed above nor in 

sections analyzed by H4E staining (data not shown)• This 

contrasts with the immune response elicited by injection 

25     of skeletal muscle with recombinant adenovirus carrying a 

transgene [Dai et al, cited above; Y. Yang et al. Hum. 

MQlec, gCTrt,. 5:1703-1712 (1996); X. Xiao et al, 

YAgQlxt 212:6098-8108 (1996)). 

H.      Thg expression of hP.rX in immtinrwtefIcient 

0 AAV-F.IX was delivered to muscles of Rag 1 

mice, which are homozygous for a mutation in the 

recombinase activating gene 1,   These animals are 

therefore functionally equivalent to severe combined 

immunodeficiency (SCID) mice and do not produce mature B 

5     or T cells.   A dose of 2xio" rAAV-hF.IX vector genomes 



W098A>9657 PCT/US97/15692 

41 

per animal resulted in stable expression of hF.IX in 

mouse plasma.    See Fig. 10.   Human F.IX was first 

detectable by ELISA in the second week after the 

injection and rose gradually thereafter.   Plasma levels 

5     in all animals reached a plateau of therapeutic levels of 

F.IX five to seven weeks post** inject ion at 200 to 350 ng 

hF.IX/ml mouse plasma.   This level was maintained for the 

duration of the experiment (four months post-injection). 

When a total of 1x10^^ rAAV-hF.IX vector genomes was 

10     injected, expression was three- to four-fold lower, but 

still reached therapeutic levels (>100 ng/ml) for some 

animals.   See, Fig. li.   These levels, which represent 4- 

7% of normal circulating levels in plasma, are well 

within a therapeutic range, and demonstrate that the 

15     method of this invention is a feasible for the treatment 

of hemophilia, a disease associated with 

immunodef iciency. 

I.      Results of DMA Analvsis 

Genomic DMA from injected muscle tissue was 

20     isolated six to eight weeks post-injection.    The presence 

of introduced vector ONA was demonstrated by digestion 

with EcoRV, which releases a 1.8-kb fragment from the 

vector construct including the entire l.4-kb intron I 

sequence.    A probe specific to intron I hybridized to 

25     this fragment and did not cross-hybridize to mouse DNA 

from an uninjected animal.   Undigested DNA showed as 

hybridization signal in the high molecular weight DNA. 

Furthermore, FOR primers designed to amplify jvmction 

sequences of head-to-tail concatamers of recombinant AAV 

30     present in transduced cells (Fig. 12) successfully 

amplified such sequences from muscle DNA isolated from 

AAV-F.IX transduced tissue (tibialis anterior and 

quadriceps of immunodef icient and immunocompetent 

animals).   The PGR products were visualized by Southern 

35     blot hybridization with a probe specific to the CMV 
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promoter/enhancer.   Priner pair 005-013 produced 

fragments that were 1.0-kb and smaller; primer pair 005- 

017 amplified fragments that vera 1.2-kb and smaller. As 

expected, these PGR reactions resulted not in distinct 

5     bands of the sizes noted above, but rather in a series of 

amplification products with a maximum size as predicted, 

because of imprecise joining of AAV genomes present in 

these tandem repeats [S. K. McLaughlin et al, J. Virol.. 

1^:1963-1973 (1988)].    The imprecise joining results from 

10     variable deletions of ITR sequences at the junction sites 

as confirmed by DNA sequencing of cloned PGR products 

(data not shown). 

J.     PCR stgdi^g 

While head-to-head and tail-to-tail 

15     arrangements of AAV genomes can occur during viral 

replication [K. I. Berns, Microbiol, Rev.. 54:316-329 

(1990)], head-to-tail arrays are more typically 

associated with AAV that has been integrated into the 

chromosomal DNA of the transduced cell during latent 

20     infection [S. K. McLaughlin et al, J. Virol.. £2:1963- 

1973 (1988); J. D. Tratschin et al, Mol. Cell Biol., 

5:3251-3260 (1985); N. Muzcyka, Current Tonie^ tn 

Microbiology and inmunoloav. 15ft:97-129 (1992)]. 

Southern blot data on undigested rAAV-injected 

25    muscle cell DNA demonstrated that the rAAV DNA derived 

from host cell genomic DNA six weeXs after injection is 

present as a high molecular weight species.   The higher 

signal intensity seen with the restricted DNA likely 

results from an unmasking effect when the fragments are 

30     separated from the bulk of genomic DNA [X- Xiao et al, 

Virolt # lfi:8089-8108 (1996)1.   This finding, the presence 

of a hybridization signal for high molecular weight DNA, 

is, like the PCR data, consistent with integrative events 

occurring during transduction.   The integration state of 
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the rAAV discussed in this paragraph and in paragraph I 

is also liJcely to contribute to the stability and 

prolonged expression of the transgene. 

T^^^^g)^ 7 - EvpreBaion of ADOR ustnq rAAV ft^TlllnlgtCT^^ to 

5     ?i .^Sk^letal Muscle Cell 
The following example demonstrates the prolonged 

expression of another therapeutic transgene product, 

apdlipoprotein E (ApoE), a protein useful in the 

treatment of atherosclerosis, by introduction into 

10     skeletal muscle of a rAAV vector according to this 

invention.   Again, the absence of a destructive CTL 

response permits the prolonged expression of the 

transgene product* 

A.      (Construction of the rAAV 

15 Recombinant AAV vectors encoding the secreted 

protein human ApoE were constructed in a manner similar 

to that described above for P.IX.   ApoE cDNA was excised 

from a plasmid pAlterApoE3 (contributed by Dr. Rader's 

laboratory, University of Pennsylvania) with Xbal 

20     digestion, blunted and cloned into NotI digested pCHVLacZ 

backbone (see the vector construction diagram of Fig. 

13).   A 2062 bp Smal/Saci fragment from the lacZ gene in 

pCMVLacZ was isolated and inserted into the Sail site of 

the new plasmid as a stuffer.   The ApoE minigene 

25     cassette, which now contained the CMV promoter, ApoE cDMA 

SV40 polyadenylation sequences and a 2062 bp stuffer, was 

isolated by EcoRI/Hindlll digestion (total length: 4.3 

)cb) and then ligated to an Xbal digested pSub201 

backbone.   The final product, designated pSubCMVApoE- 

30     2062RO, was used as the cis plasmid in the production of 

rAAV.ApoE production following the procedures described 

above for rAAV.F.IX. 



WO9S/09657 PCrAJS97/15692 

44 

B. In vitro ftnaiVBip of APQE expression by 

84-31 cells seeded in 6 well plates vere 

infected with 2 microliterB of CsCl purified rAAV.ApoE in 

5     2 ml Dulbeccos Modified Eagles Medium with 2t fetal 

bovine serum.    The cells were kept at 37for 48 hours. 

An aliquot of the supernatant was then removed from the 

well for a Western blot analysis of ApoB.   The results 

showed ApoE protein was clearly detectable in the 

10     supernatant of 84-31 cells infected with AAV.ApoE. 

C. In vivo expression of rAAV.ApoE in ADQE 

2.5 to 5 X 10^^ particles of rAAV.ApoB were 

injected into anterior tibialis and quadriceps muscles on 

15    each side of ApoE knockout mice (total particles per 

mouse: 5 X 10^^ to 5 x 10^^).    Prolonged local ApoE 

expression was detectable by immunofluorescence at day 28 

and day 120 post-injection even in the presence of plasma 

anti-ApoE antibodies. 

20 D. Conclusion 

This experiment demonstrates that intramuscular 

injection of the vector, rAAV--ApoE, into Apo-£ knockout 

mice leads to muscle fiber transduction and secretion of 

substantial quantities of the recombinant protein in the 

25    circulation.   Prolonged expression of the transgene in 

the muscle fiber in the absence of a destructive CTL 

immune response was achieved^ even though humoral 

immunity was elicited to the secreted protein. 

Example 8 ■ Transaene expression in a prinate 

30 A rhesus monkey was anesthetized, the forearm was 

clipped and aseptically prepared and a 0.5 cm incision 

was made in the skin over the tibialis anterior muscle. 

The fascia was identified and the rAV.CMVLacZ (described 

in Example 1) viral suspension (175 microliter of 10"^ 
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genomes/ml) was injected 5-7 nm deep into the fascia. 

Fourteen days later, a nuscle biopsy was removed, frozen 

in OCT, sectioned and stained in X-gal.   Tissue sections 

were quantitatively analyzed using the Leica Z500MC Image 

5     Processing and Analysis System interfaced with a NiXon 

FXA Hicroscope.    X-gal histochemistry revealed high level 

6-galactosidase expression in the majority of muscle 

fibers in the area of the injection site.   Twenty percent 

of fibers expressed B-galactosidase in a 224 aan^ area in 

10     the region of the injections.   Based on the above- 

described results with ApoE and F.IX, expression is 

expected to be prolonged in the absence of a cytotoxic 

immune response.       These data support that the 

expression of a transgene according to this invention can 

15     be duplicated in an animal other than a mouse, and 

particularly in a primate animal. 

Numerous modifications and variations of the present 

invention are included in the above-identified 

specification and are expected to be obvious to one of 

20     skill in the art.    Such modifications and alterations to 

the processes of the present invention are believed to be 

encompassed in the scope of the claims appended hereto. 



wo 98^657 PCT/US97yi5692 

46 

SBQUBRCB LISTING 

(1) GENERAL INFOIUIATION t 

<i) APPLICANTS TrustMB of the Univwsity of Pennsylvania 
Wilson, James M. 
Fisher, Krishna J. 

(ii> TITLE OF INVENTION: Method for Recoobinant Adeno-Associated 
Virus-Directed Gene Therapy 

(iii) NUMBER OF SEQUENCBSt 4 

(iv) CORRESPONDENCE ADDRESSt 
(A) ADDRESSES! Howson and Bowson 
(B) STREET: Spring House Corporate Cntr, PO Box 457 
(C) CITY: Spring House 
<D) STATS: Pennsylvania 
(E) COUNTRY: USA 
<F) ZIP: 19477 

(V) OOHPUTER READABLE FORMi 
(A) MEDIUM TYPE I  Floppy disk 
(B) COMPUTER: IBM PC coopatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 

(vi> CURRENT APPLICATION DATA: 
(A| APPLICATION NUMBER: HO 
<B) FILING DATE: 
<C) CLASSIFICATIONS 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: US 08/708,188 
(B) FILING DATE: 06-SEP-1996 

(Vii) PRIOR APPLICATION DATAi 
(A) APPLICATION NUMBER: US 08/729,061 
(B) FILING DATE: lO-OCT-1996 

(viii) ATTORNEY/AGENT INFORMATIONt 
(A) HAKE: Kodroff, Cathy A. 
(B) REGISTRATION NUMBER: 33,960 
(C) REFERENCE/DOCKET NUMBERt GNVPN.019CIP2PCT 

(ix) TELEOOMMUNICATION INFORMATION: 
(A) TELEPHONE: 215-540-9200 
(B) TELEFAX: 215-540-5818 

(2)  INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10398 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDBDNESS: double 
(D) TOPOLOGY: unknom 

(ii) MOLECULE TYPE: CDNA 



WO98/096S7 
PCT/US97/15692 

(xi) SBQOBNCS DSSCRZPTKMi SSQ ZD MOsls 

GAATTOBWTA TAATATACCT TATTTTGGAT TOAAGOCAAT ATGATAATOA 60 

GGGG6TGGAC GTGG6AA0GG GOOOGGTQAC 6TAGTA0T6T 120 

Tw A A V1 A AflTQTQOGOG AACACATOTA AGOGAOGGAT GTGGGAAAAG 180 

TGA06TTTTT OGTGTACACA GGAAGTGACA ATTTTCGCGC GGTTTTA6GC 240 

uwJtl vx AW An GTAAATTTGG GOGTAAOOOA GTAAGATTTG GCCATTTTOG OOGGAAAACT 300 

AAGTGAAATC TGAATAATTT TGTOTTACTC ATAOOGCGTA ATATTT6TCT 360 

CCT6CCC36CT 0GCT06CTCA CTOAGGOOGC COGGGCAAAG CCOGGGCSTC 420 

GGG06ACCTT CCCTGAGTQA GOGACOGAGC G06CAGAGAG GGAGTGGCCA 4B0 

ACTCCATCAC A Aw AMW* A#in TGATtAACOC GCCAT6CTAC TTATCTACAA S40 

TTCXMwCmv VA A         A w^^n GGTGOTTACA TAACTTACGG TAAATGGOCC GOCTGGCTGA 600 

CC60CCAACG ACCCvwMA^U ATTCAOBTCA A A A*M**^»***»» ATAATGAOGT AtGTTCCCAT AGTAAOGCCA 660 

ATAGGGACTT TCCATTGACv ATixAA AA»M*» X« GAGTATTTAC OGTAAACTGC CCACTTGGCA 720 

GTACATCAAG TGTATCATAT or2C3CCTARO AOGTCAATGA CGGTAAATGG 7B0 

CCCGCCTGGC ATTAT6CCCA GTACAT6AOC •F«Pft*NSAA&f^ TTCCTACTTG AAAAWVWA^X   A *W GCAGTACATC 840 

TAOGTATTAG TCATOGGTAT TACCATCOAV mivirtSCTTTT CGCAGTACAT CAATGGGOGT 900 

GGATAGOGGT ■Mg^ &^<V*^ft^A TTuACTwA^p AGTCTCCACC CCATTGAOGT CAATGGGAGT 960 

TTCTTTTGGC ACCAAAATCA ft rVI/3/5 ft I'^TTT AVAVVO AAA CCAAAATGTC GTAACAACTC CGCCCCATTO 1020 

A0GCAAAT6C ^ r^o^ffi ft ^/^^^P GCGGTAQG^A^ A\* A AVA»V A GAGGTCTATA TAAGCAGAGC TC5GTTTAGTG 1080 

AACOGTCAGA TCGCCTGGAC CUCTtiTTTTG ACCTCCATAG AAGACACOGG 1140 

GACOGATCCA A    A Aw AWA * COGGTACTCG AGGAACTGAA AAACCAGAAA 1200 

GTTAACTuGr AAvA AX«M AW A A A A *W A w»• TTATTTCAOO TCCOGGATCC GGTGGT6GTG 1260 

CAAATCAAAO AACTGCTCCT CJWQTGGATGT TGCCTTTACT TCTAGGOCTG TAOGGAA6TG 1320 

TTACTTCTGC TCTAAAAGCT GCGOAATTuT ft/vw/<^aA/V« Ar*AlkTTC2CCG GGGATOGAAA 1380 

GAGCCTGCTA AAGCAAAAAA GAAGTCACCA TGT06TTTAC TTTGACCAAC AAGAAOGTGA 1440 

TTTTCGTTGC CGGTCTGGGA GGGATTGGTC TGGACAOCAG CAAGGAGCTG CTCAAGCCOG 1500 

ATCCCGTOGT TTTACAAOOT OGTGACTGGG AAAACOCTGG CGTTACCCAA CTTAATOGCC 1560 

TTGCAGCACA 6CCAGCT0GC GTAATAGOGA AOAGGCOCGC AOOGATOGCC 1620 TOCCCCTTTC 

CTTCCCAACA GTTG06CAGC CTGAATGGCO AATOGOGCTT TGCCTG6TTT COGGCAOCAG 1680 

AACOGGTGCC GGAAAGCTGG CTOGAGTGOG ATCTTCCTOA GGCOOATACT GTOGTOGTCC 1740 

CCTCAAACTG GCAGATGCAC GGTTAOGATG C9GCCCATCTA CACCAACXSTA AOCTATCOCA 1800 

TTAOGGTCAA TOCGCOGTTT GTTCCCAOGG AGAATCCXMU: GGGTTGTTAC TOGCTCACAT 1860 
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TTMTGTTOA TGAAAGCTOO CTACACOAAO GCCAOIiCGCG AATTATTTTT QATGGGOTTA 1920 

ACTCGGC6TT TCATCTGTGG TOGAAOGGGC GCTGGGTOGG TTAOGGOCM 6ACAGTCGTT 1980 

TGC06TCTGA ATTTGACCT6 AGOGCATTTT TA0GO6O0GG AGAAMCOGC CTCOGGGTGA 2040 

TG6TGCTGC6 TTGGAGTGAC GGCMTTATC T0QAA6ATCA 00ATATGTG6 0G0AT6M0G 2100 

GCATTTTOOG TOACOTCTOG TTOCTGCATA AACOGACTAC ACAAATCMC GATTTCCATG 2160 

TTGCCACTCO CTTTAATGAt GATTTCAGCC GOGCTGTACT GOAGGCTGAA GTTCAGATGT 2220 

GOGGOOAGTT GOGTOACTAC CTAOGGOTAA CAGTTTCTTT ATOGCA800T GAAAOGCAGG 2280 

TCGCCAGCGG CACOGOGCCT TTCGGOGGT6 AAATTATOQA TGAGCGTOGT GGTTATGOOG 2340 

ATCGOGTCAC ACTAOQTCTO AAOGTOQAAA AOCOQAAACT GTG6IU3C9GCC GAAATCCOGA 2400 

ATCTCTATCG TG06QX0GTT GAACTGCACA C06COGAOQG CMGCTGATT GAAGCAGAA6 2460 

OCTGOCATGT OGOTTTCOGC GAG6TG0GQA TTGAAAATG6 TCTOCTCCTG CTGAACGGCA 2520 

AGCCGTT6CT GATTC6AGGC GTTAAC06TC AOOAGCATGA TGCTCTGCAT GGTCAGGTCA 2S80 

TG6ATGAGCA GACGATGGTG GAGQATATOC T6CTGATGAA GCMAACAAC TTTAA06CG0 2640 

TCOGCTOTTC GCATTATCOO AACCATOOGC TOTGGTACAC GCTOTGOGAC OGCTAOGGCC 2700 

TGTATGTGGT GGATGAAGCC AATATTGAAA CCCAOGGCAT GG1GCCAAT0 AATCOTCTGA 2760 

CCGATGATCC GOGCTGGCTA OOGGOGATGA GOGAAOGGOT AAOQOGAATG GT6CAG00CG 2820 

ATCGTAATCA CCCGAGT6TG ATCATCTGGT OGCTGGGGAA TOAATCAGGC CAOGGOGCTA 2880 

ATCACCACGC GCTGTATCCC TCCATCAAAT CTGT06AT0C TTC0CGC006 GTGCACTA1G 2940 

AAGGCGGCGG AGCOGACACC ACGGCCACCG ATATTATTTC CCOGATGTAC GCG06C61GG 3000 

ATGAAGACCA GCXXrTTCCOG GCTGTGCCGA AATCGTCXAT CAAAAAATGG CTTTCGCTAC 3060 

CTGGAGAGAC GCGCCCGCTG ATCCTTTOCG AATAOGCCCA OGCGATGOGT AACAGTCT1G 3120 

GCOGTTTCX^C TAAATACTCG CAOGCSTTTC GTCAOTATCC COOTTTACAG GGCOGCTTCG 3180 

TCTGOOACTG GGTGGATCAG TOOCTGATTA AATATGATOA AAAOOGCAAC CCGTGGTCGG 3240 

CTTACGGOGG TGATTTTGGC GATAOGCCGA A0GAT06CCA GTTCTGTATG AACXX3TCTGG 3300 

TCTTTGCOGA CCGChCGCOS GATCCAGOGC TGA06GAAGC AAAACACCAG CACCACTTTT 3360 

TCCAOrrCOG TTTATCCGGG CAAACCATCG AAGTCACCAG COAATACCTG TTCCCTCATA 3420 

GCGATAAOGA GCTOCTGGAC TGQATOGTGG 06CTGGATG0 TAAGOOGCTG GCAAGCX^GTG 3480 

AAGTGCCTCT GQATGTOGCT CCACAACGTA AACAGTTOAT TGAACTGCCT GAACTACX^GC 3540 

AGCCGGAGA6 CGCCGGGCAA CTCTG6CTCA CAGTAOGCGT AGTGCAACOG AAOGOGAC06 3600 

CATGGTCAGA AGOOGGGCAC ATCAOOGCCT GGCAGCIUnG G06VCTQ006 GMUiACCTGA 3660 

GTGTGACXM:? CCCOGCXXK9G TOXAOGOCA TC0C6CATCT GACCACX:AGC GAAATGGATT 3720 

TTTGCATCGA GCTGGGTAAT AAGOGTTGGC AATTTAAOOO OCACTCAGGC TTTCTTTCAC 3780 
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TCfiCGATAAA AAACAACTGC TGA06006CT GCOC6ATCAG TTCACC06TG 3840 

CAOOGCTUGA AAG06ACCOG CATT6A0CCT AA0GCCTGG6 3900 

TCX^AAOGCTG GAAGGOGCCO wwwwiXXAiA* AfiOCCaOAACC AGOGTTGTTO CAOTGCAOGG 3960 

CAGATACACT TGCTGATvMi w       livii X A A I^A AiDflfSf^Pf^A C60QT0GCAG GATCAGOGGA 4020 

AMCCTTATT GGATTGATGG TAOTGOTGAA ATC60GATTA 4080 

CO0TTGAT6T «iv9&&nilVSA<yi AAACATACAC XwAAWAlawUlv   JW#*AM> A WWiilfcii GGGATOOOGC 6O0OATT00C CT6AACTG0C 4140 

AiGCTGGOCCA ■n.niB..nJ~M.<1M.JU rwiAAVA&ACV GfiCVOBCA¥T AOOGCOGGAA GAAAACTATC 4200 

C0GAC06CCT TACTGCCGCC TwXXXXwW** GCCATTGTCA GACAT6TATA 4260 

CCC0GTAO6T XiM^WXlM^W GA0G0G06AA TTGAATTATG 4320 

GCCCACACCA ■ ■ ■■■1 tj 1 j'ljii~ij~ii~ij~i ^&fV'l*Oi^&AV GTGGCQwvvw UAwX X WVJM* X 9CAACATCAG OOOCTACACT CAACA6CAAC 43B0 

TGATGGAAAC CAGCCATiAfV VJiXw       X vvr ACOCACATOG CTGAATATOG 4440 

A0G6TTT0CA  —— #«^fnnArvs&^VS ACTCCTCCAQ OCOGTCAQTA TOOGOGOAAT 4500 

TACAGCTCA6 CXvCOGGTGGC TACCATTAW OTOTCAAAAA TAATAATAAC 4S60 

CGGGCAGGCC ATGTCTGCCC GTATTTCXM^ X 4WMMM%fflA A w CATTATGTAC TATTTAAAAA 4620 

ACACAAACTT TTGOATGTTC GGITTATTCT 'A X'X AWX X A * A 4680 

ACTTCCCGTT TTTCCCGATT TGGCTACATG ACATCAACCA vm«m&m'*AAX XCTCATAOGG 4740 

GTATTATTTT T6CCGCTATT TCTCTCTTCT OGCTATTATT nna-JUTKCTC TTTGGTCTGC 4800 

TTTGTGACAA ACTOGGCCTC GACTCTACGC GGCOGOGMMG &*iw^&AAPAT flATAAGATAC 4860 

ATTQATGAGT riGGACAAAC CACAACTAGA ATGCAGTGAA AAAAAXvVXX   X AX* X\» x \»#w« 4920 

ATTTGTGATG CTATTCCTTT ATTTOTAACC A^TATAAOCT mAJtTAAACA AGTTAACAAC VlwAA XAA#MMffl *#m»»***»"^ 4980 

AACAATTGCA TTCATTTTAT CTTTCAGOTT CAwubvUAlav 5040 

CCTCTAGAGT OGAGTAGATA AI^TAUWvZVU ATTAACTACA AGGAACCOCT 5100 

AGTQATGGAG TTGGCCACTC CCTW^Xwlw*^ CTCACTOAGG CC9GOGOOAOC 5160 

AAAGGTOGCC OGACvCCOuv ^vl'l X xwVii>^\<v GC06GCCTCA 5220 

CAGATCTGGA AGGTGCTGAG OTACQATOAO ACOOGCACCA OOTBCJIPAW^ Wx^rt^AwXwx 5280 

GGOGGTAAAC ATATTAGGAA CCA6CCT0TO ATGCTG0AT6 TGAOOOAGOA GCTGAGGCOC 5340 

GATCACTTGG TGCTGOCCTO CAOOOOOOCT OAOTTTOGCT CTAGCOATOA AGATACAGAT 5400 

TGAGGTACTG AAATGTGTOO GOGTGGGTTA A0GQ1GGGAA AOAATATATA AGGTGGGGGT 5460 

CTTATGTACT TTTCTATCTO TTTTGCACCA GC06C06C00 OCATGAGCAC CAACTOGTTT 5520 

GATGGAACCA TTCTGAGCTC ATATTTCACA A060CCATGC COOCATOGGC 06GOGTGO0T 5580 

CAOAATGTGA TGGGCTCCAG CATTCATGGT OGCXXXX2TOC TGCCOGCAAA CTCTACTACC 5640 

TTOACCTACG AGACCGT6TC TGGAAOGC06 TTGGAGACT6 CAGCCTCOGC 06C06CTTGA 5700 
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GC06CTGCAC CCACCX3COCG CGGOATTOTO ACTGACTTIC CTTTCCTOM CC06CTTOCA 

MOCMCAG CTTCCOGWC ATCOGCCOQC GATOACAAGT TGJW3QCCTCT TTTCGCAOUi 

TTCCATTCTT mAOOOGGGA ACTTAATOIC OTTTCTCMC AGCraTTOOA TCTCCOCCAC 

CMGTTTCTO CCCTGAAOGC TTOCTCCXXT OCCAATOO06 TTTAAAACAT AAATAAAAAA 

CCM»CTCTG TTTCGATTTG GATCAA6CM OTOTCTTGCT GItlliAiil ACGGGTTTTC 

COOCOCOGGT AGGCCOGGGA OCAGOGGTCT OGCTOSnCA GGGTOCTOTC TATTTTTTCC 

AOOAOOTCCT AAA0GTGACT CTGOATCTTC AGATACA1CO OOITAMCCC CTCTCTCCOO 

TGCAOGTAGC AOCACTCCAC AOCTTCATOC TGCGGOGTGG TOnGTAOAT mTCCAGTOO 

TACCAOGAGC CCTGGCCCTG GTCCCTAAAA ATOTCTTTCA 0TA6CAA0CT GATTCCCAGG 

GCCMCCCCT TOOTCTAACT GTTTACAAAG OCOTTAAGCT GGGATGGG1G CATACGTGGG 

OATATCWJAT OCATCTTGGA CTGTATTTTT ACGTTGGCTA TGTTCCCAGC CATATCOCTC 

C3GG06ATTCA TGTT6TGCA0 AACCACCACC AGAONTATC COOTOCACTT OGGAAATTXG 

T«TGTACCT TAGAAGQAAA T6CGTGGAA6 AACTTGGAOA COCCCTTCTG ACCTCCAAGA 

TTPTCCATGC ATTCGTCCAT AATGATGGCA ATCOGCCCAC GGGGGGCGGC CltSGGOGAAG 

ATATTTCTOG GATCACTAAC GTCATA6TTG TOTTCGAGGA TOMUkTCGTC ATAGGOCATT 

TTTAOUUVCC GCGGG06GAG GCTCCCMAC TOOCGTATAA TC6TTCCATC OGGCCCAGGO 

COCTAOTTAC CCTCACAGAT TTGCATTTCC CAOGCTTTGA GTTCAGATG6 GGGGATCATG 

TCTACCTCC3G GGCCCATCAA CAAAACCGTT TCC6GGGTAG GGOAGAtCAG CTGGGMGAA 

ACCACCTTCC TCAGCAGCTO CCACTTACOG CAGCOCGTCG GCCCOTAAAT CACACCTATT 

ACCCCGTGCA ACTGGTAGTT AAGAOACCTG CA6CTCCC0T C»TCCXW»6 CAGGGGOGCC 

ACTTCGTTAA CCATCTCCXTT CACTCGCATG TTTTCCCT6A CCAAATCOGC CAGAAGGCGC 

TOCCCOCCCy^ CCCATAGCAC TTCTTGCAAC CAAGCAAACT TTTTCAACGC TTTCACACCG 

TC06O0GTAG OCATCCTTTT GAGOGTTTOA CCAAOCAGTT CCAGGCOOTC CCACAGCTOG 

GTCACCTGCT CTAOGGCATC TOGATCCAGC ATATCTCCTC OTTTCOCCGC TTGCGGCGOC 

TTTCGCIGTA CGGCAGTAGT CCGT6CT00T CCAGAOGCGC CACGGTCATC TCTTTCCAOO 

GCCCCAGGGT CCTCOTCA6C CTAGTCTOGO TCACGGTCAA 0GCGT6C0CT CCCGGCTOOG 

OGCTG6CCAG GGTGCGCm AGGCTGGXCC ICCTGOTQCT OAACOGCTGC CGGTCTTOGC 

CCTCCGOCTC CGCCACGTAC CATTT6ACCA TGGTCTCATA GTCCAGCOCC TCCOCGGCGT 

GGCOCTTCCC GCGCACCTTO CCCTTCGACG ACGOGCOCCA COAGGGGCAG TGCAOACTTT 

T6ACGCOCTA GAGCTTGG6C GC6AGAAATA COGATTOCGG GGAGTAGGCA TCCGCCCCGC 

ACGCCOCX;CA GA0GGTCT06 CATTCCACGA GCCAGGMAC CTCIOGCOGT TCCGCCTCAA 

AAACCAGGTT TCCCCCAICC TTTTTCATGC GTTTCTTACC TCTGGTTTOC ATGAGCCOGT 

5760 

5820 

5880 

5940 

6000 

6060 

6120 

6180 

6240 

6300 

6360 

6420 

6480 

6540 

6600 

6660 

6720 

6780 

6840 

6900 

6960 

7020 

7080 

7140 

7200 

7260 

7320 

7380 

7440 

7500 

7S60 

7620 
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OTOCIiCGCTC CCTOACGJVAA ACOCTCTCCC TCTCCCOOTA TACJIOJiCTTO AOMCOCtCT 

CCIOOACOOA TOCCCTTCAO ACCCTTCWU: CCIfcOTCAOCT CCTTCCCOTO COOOCOCGGC 

ATGACTATOG TCGCCCCACT TAXCACTOTC TTCTTTATCA TOCAACT08T AOOACAOOTG 

CCGOCACOGC TCTOCOTCAT TTTCOCOOAO CACOCCTTTC GCTCOAGOCC OACCATGATC 

CGCCTOTCCC rrOCCGTATT CCGAATCTTO CAOGOOCTOO CTCAAOCCTT OOTCACTCaT 

COOCCCACCA AAccrrrocG OOAGAAOCHG CCCATTATOG CCOOCATGGC OGCCGAOOCC 

CTOCGCTACG TCTTCCWGC GTTOCOCAOG COAfiOCTGOi TOGCCTTOCC CATTATOATT 

CTTCTCGCTT OOCCOCCCAT CGCGATCCCC CCOTTOCAGC CCATCCTOTC CACOCACOTA 

OAtCACCSACC ATCAOOOACA OCTTCAAOCA TCCCTOGOGC CTCTTACCAO CCTAACTTCG 

ATCACTGGAC CCCTOATCGT CAOCCOOATT TATGCOGCCT COGCOAOCAC ATCCAACGGG 

TTOGCATOGA TTCTACGCCC COCCCTATAC CTTCTCTOCC TCCCCGCGTT GCOTOCOGGT 

OCAWGACCC GGCCCACCTC GACCTGAATC CAAOCCCGOO OCACCTCGCT AAOGOATTCA 

CCACTCCAAG AATTGGACCC AATCAATTCT TOOGGAOAAC TCTOAATOOO CAAACCAACC 

CTTCGCAOAA CATATCCATC C06TCCCCCA TCTCCACCAG CCGCACGOGC CCCATCTCGG 

GCA6C6TTGG 6TCCTGGCCA CGGGTCCCCA TGATCGTOCT CCTOTOGTTO AGGACCCCGC 

TAC6CT0GCG GCGTTCCCTT ACTGGTTACC AGAATGAATC AOCGATACGC CACOOAACCT 

6AAGCGACTG CTOCTGCAAA ACGTCTGCGA CCTGAGCAAC AACATCAAT6 GTCTTCGCTT 

TCOCTGTTTC GTAAAGTCTG GAAACCCGGA AGTCAGCGCX: CTGCACCATT ATCTTCCGGA 

TCTGCATCGC AGGATCCTGC TGGCTACCCT GTCCAACACC TACATCTGTA TTAACCAAGC 

CTTTCTCAAT GCTCACGCTG TAGCTATCTC AGTTCCGTGT AOCTCGTTOC CTOCAACCTO 

GGCTGTGTGC ACGAACCCCC CCTTCAGCCC OACCGCTCCG CCTTATCCOO TAACTATC6T 

CTT6AOTCCA ACCCXKSTAAG ACAOGACTTA TOOCCACICO CAOCAGCCAC TGGTAACAGG 

ATTACCACAG CGACGTATCT ACCCGGTCCT ACAOAGTTCT TOAAOMGT6 GOCTAACTAC 

GGCTACACTA GAAGGACAOT ATTT66TATC TGCCCTCTGC TOAAOOCAOT TACCTTOC6A 

AAAAGAGTTG GTA6CTCTTO ATCCCGCAAA CAAACCACOG CNOTAOOGG TCGTTTTTTT 

QTTTGCAACC ACCAGATTAC GOGCAGAAAA AAAOCATCTC AMAACATOC TTTCATCTTT 9180 

TCTAOCCGGT CTGA06CTCA CTCCAAOCAA AACTCAOCTT AAOOGATTTT GGTCATOAOA 9240 

TTATCAAAAA CCATCTTCAC CTAOATCCTT TTAAATTAAA AATOAACTTT TAAATCAATC 

TAAACTATAT ATGAGTAAAC TTGGTCTGIW: ACTtACCAAT GCTTAATCAO TGAGGCAOCT 

ATCTCAGOGA TCTCTCTATT TCCTTCATCC ATACTTCCCT OACTOCCCGT COTOTACATA 

ACTAC6ATAC GGGAGGGCTT AOCATCTCGC OCCACTGCTG CAATOATACC GCGAGACCCA 

OCCTCACCGC CTCCAGATTT ATCACCAATA AACCACCCAC CCGGAACGGC OOAGCCCACA 

7660 

7740 

7800 

7860 

7920 

7980 

8040 

8100 

8160 

8220 

8280 

8340 

8400 

8460 

8520 

8580 

8640 

8700 

8760 

8820 

8880 

8940 

9000 

9060 

9120 

9300 

9360 

9420 

9480 
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MTOOTCCTC 

OTMOTAOTT 

GTOTCAOGCT 

OTTACATOAT 

GTCAGAAGTA 

CTTACTCTCA 

TTCT6A6AAT 

AC0606CCAC 

AAACTCTCAA 

AACTGATCTT 

CAAAATGCCG 

CTTTTTCAAT 

GAATGTATTT 

CCTGACOTCT 

AGGCCCTTTC 

CAACTTTATC 

OGOCAOTTAA 

08TCGTTTOG 

CCC0CAT6TT 

AGTTGGC06C 

T0CGATC06T 

AOTGTATCOG 

ATAGCAOAAC 

GOATCTTAOC 

CAGCATCTTT 

CAAAAAACGO 

ATTATTGAAO 

AGAAAAATAA 

AAGAAAOCAT 

GTCTTCAA 

OOCCTCGATC 

TAOTTT6CX7C 

TATGOCTTCA 

GTGGAAAAAA 

AGTGTTATCA 

AAOATGCTTT 

GC0AC0OA6T 

TTTAAAAGTG 

GCTGTTGAGA 

TACTTTCACC 

AATAAOQGOd 

CATTTATCAO 

AGAAATAGGG 

TATTATCATO 

52 

GAOTCTATTA 

AAO6TT0TTG 

71CA6CTOC30 

GOGGTTAGCT 

CTCAT66TTA 

TCT0TGACT6 

TGCTCTTOCC 

CTCATCATTO 

T0CA0TT06A 

AG06TTTCTG 

ACAOGGAAAT 

GGTTATTCTC 

GTTCOGCXSCA 

ACATTAACCT 

ATTOTTOCOO 

CCATTGCTGC 

GTTCCCAAOG 

OCTTOGOTCC 

TOOCAGGACT 

GT6AOTACTC 

OGGOGTCAAC 

GAAAACGTTC 

TGTAAOCCAC 

GOTGAGGAAA 

GTIGAATACT 

TCATGA60GG 

CAnrccooo 

ATAAAAATAG 

GOAAGCTAGA 

AG6CATOGTG 

ATCAAGGOQA 

TCOGATOGTT 

GCATAATTCT 

AACCAAGTGA 

ACGGGATAAT 

TTOGGGGOGA 

TOOTGCAOCC 

AACAGGAAGG 

CATACTCTTC 

ATACATATTT 

AAAAGTGCCA 

GOGTATCAOG 

(2)  INFORMATZON FOR SEQ ZD NOs2s 

(i) SBQUENCE CHARACTERISTICSI 
(A) LBNGTHi 20 base pairs 
(B) TYPEI nucleic acid 
(C) STRANDSDNESSt single 
(D) TOPOLOGYt unknown 

(ii) MOLECULE TYPEt other nucleic acid 

(Xi) SEQUENCE DESCRIPTION! SBQ ID NOt2t 

CATGGTAATA GOGATGACTA 

(2)  INFORMATION FOR SSQ ID NOtBi 

(1)  SEQUENCE CHARACTERISTICS! 
(A) LENGTH! 20 base pairs 
(B) TYPES nucleic acid 
(C) STRANDSDNESSt single 
(D) TOPOLOGY: unknown 

<ii) MOLECULE TYPES other nucleic acid 

(xi) SEQUENCE DESCRIPTKHIt SBQ ID NOt3i 

9600 

96S0 

9720 

9780 

9640 

9900 

9960 

10020 

10080 

10140 

10200 

10260 

10320 

103S0 

10398 

20 

GCTCTGCTTA TATAGACCTC 20 
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(2)  INFORMATION FOR SBQ ID NOs4i 

(1) SBQUKNCE CHARACTXAZSTICSt 
(A) IJSNGTHt 20 baB« pairs 
(B) TYPBs nucl«ic acid 
(C) STRMIDBONSSSt BingI* 
(O) TOPOLOGYt untaown 

<ii) MOLBCULB TYPKJ Otter nuelaic acid 

<xi) SEQOBNCB DSSCRZPTIONt SBQ ID NOs4t 

ATAAGCTGCA ATAAACakAGT 
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What is claimed Is: 

1. Use of a recombinant adeno-associated virus 

(rAAV) comprising a heterologous gene operably linXed to 

sequences which control expression thereof in a cell for 

the manufacture of a medicament for reducing the immune 

response to the rAAV, wherein the rAAV is substantially 

free of contamination with a helper virus and is 

administered to a skeletal muscle cell. 

2. Use of recombinant adeno-associated virus 

(rAAV) comprising a transgene operably linked to 

sequences which control expression thereof in a cell for 

the manufacture of a medicament for prolonging expression 

of the transgene, wherein the rAAV is substantially free 

of contamination with a helper virus and is administered 

to a skeletal muscle cell. 

3. Use according to claim 1 or 2, wherein the 

transgene is a secretable protein. 

4. Use according to claim 3, wherein the protein 

is selected from the group consisting of Factor IX, ApoE, 

p-interferon, insulin, erythropoietin, growth hormone, 

and parathyroid hormone. 

5. Use according to any of claims 1 to 4, wherein 

the rAAV consists of, from 5» to 3\ 5* AAV inverse 

terminal repeats (ITRs), a heterologous promoter, the 

transgene, a polyadenylation sequence, and 3* AAV ITRs. 

6. Use according to claim 1 or 2, wherein the 

transgene is a dystrophin gene. 
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7. A method for expressing a transgene in a 

skeletal muscle cell in the absence of a cytotoxic immune 

response directed against the cell, comprising the step 

of introducing into the cell a recombinant adeno- 

associated virus (rAAV) comprising a transgene operably 

linJced to sequences which control its expression, wherein 

the rAAV is substantially free of contamination with a 

helper virus and wherein the transgene is expressed in 

the cell. 

8. The method according to claim 7, wherein the 

transgene is a secretable protein. 

9. The method according to claim 8, wherein the 

protein is selected from the group consisting of Factor 

IX, ApoE, p-interferon, insulin, erythropoietin, growth 

hormone, and parathyroid hormone. 

10. The method according to claim 7, wherein the 

rAAV consists of, from 5- to 3', 5' AAV inverse terminal 

repeats (ITRs), a heterologous promoter, the transgene, a 

polyadenylation sequence, and 3» AAV ITRs. 
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